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To  R.  W.  Brock.  E«i., 

Director  OfoloKical  Siir»T.v, 

Department  of  Mine*. 

Sm, — I  beg  to  submit  the  following  memoir  on  an  instrumental 
•urrey  of  the  shorelines  of  the  extinnt  lakes  Algonquin  and  Nipiasing, 
in  southern  Ontario. 

I  have  the  honour  to  be,  sir, 

Your  obedient  servant, 

(Signed)    J.  W.  OOLDTHWAIT. 
January  17,  1910. 
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AN  INSTRUMENTAL  SURVEY 

or  THE 

SHORELINES  OF  THE  EXTINCT  LAKES  ALGONQUIN  AND  NIPISSING 

I 

SOUTHWESTERN    ONTARIO. 

BT 

J.  W.  Gk>ldthw«it. 


INTRODUCTORY. 
Nature  of  the  Work. 

In  the  summer  of  1908  the  writer  was  engaged  to  carry  on  an 
instrumental  survey  of  certain  raised  beaches  and  terraces  in  south- 
western Ontario.  This  work  formed  part  of  a  more  comprehensive 
study  of  the  glacial  and  lacustrine  features  of  the  inter-lake  penin- 
sula, by  Mr,  Frank  B.  Taylor,  and  was  done  under  his  direction.  Five 
weeks  were  occupied  in  making  accurate  measurements  of  the  alti- 
tude of  the  Algonquin,  Nipissing,  and  other  shorelines  at  as  many 
localities  as  would  be  needed  for  the  reconstruction  of  the  ancient 
water  planes  which  they  mark. 

The  value  of  instrumental  work  of  this  sort  had  already  been 
demonstrated  elsewhere  in  the  Great  Lake  region,  and  it  was  believed 
that  an  application  of  such  methods  to  the  Ontario  region  would  be 
especially  fruitful,  because  of  the  peculiar  relations  which  Ontario 
bears  to  the  ancient  lakes  Algonquin  and  Nipissing.  These  gi«at 
pro-glaciaU  lakes  were  known  to  have  had  temporary  outlets  not  only 
down  the  St.  Clair  river  (which  forms  the  southwest  boundary  of 
the  .sgion  here  treated),  but  across  southern  Ontario  at  two  places :  (1) 
from  Eirkfield  eastward  down  the  Trent  valley;  and  (2)  from  North 
Bay  eastward  down  the  Mattawo  valley.    Moreover,  the  recent  comr 

'The  term  '  pro-glacinl '  nieaus  in  f'ont  of  the  ice  sheet. 
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pletion  of  instrumental  surveys  of  these  shorelines  on  both  sides  of 
Lake  Michigan,  in  districts  where  the  differential  uplifts  were 
believed  to  have  deformed  the  water  planes  in  much  the  same  way, 
and  to  about  the  same  extent,  as  in  Ontario,  promised  to  make  this 
investigation  both  rapid  and  fruitful. 

The  leveling  was  done  by  the  writer,  with  the  assistance  of  Mr 
Roy  C.  Jacobson.  Meanwhile.  Mr.  Taylor,  and  Mr.  W.  A.  Johnston 
of  the  Geological  Survey,  in  their  field  work  on  the  glacial  and  lacus- 
trine features,  sought  out  localities  where  the  beaches  were  well 
developed  and  accessible  for  leveling.  In  this  way  the  work  of  making 
measurements  was  greatly  expedited. 


RESUME  OF  PREVIOUS  STUDIES  OF  THE  ALGONQUIN 
AND  NIPISSING  BEACHES. 

(h)  Frerions  Studies  in  Ontario. 

The  ancient  shorelines  of  Ontario  have  been  objects  of  interest 
for  at  least  three-quarters  of  a  century.  As  early  as  1837.  Mr. 
Thomas  Roy— a  civil  engineer  who  had  been  surveying  railway  and 
canal  routes  across  Ontario-presented  a  paper  (which  was  read  by 
Sir  Charles  Lyell)  before  the  Geological  Society  of  London,  describ- 
ing thirteen  distinct  terraces  or  beaches  on  the  hillsides  north  of 
Toronto.*  After  his  visit  to  America  in  1841.  Lyell  wrote  enthusi- 
astically of  these  raised  beaches,  which  he  had  examined  in  company 
with  Mr.  Roy.» 

Not  long  after  this  (1853),  the  raised  beaches  and  abandoned 
terraces  around  the  head  of  Georgian  bay  attracted  the  attention 
of  Mr.  Sandford  Fleming,  C.E..  and  were  described  by  him  in  a  paper 
entitled  '  The  VaUey  of  the  Nottawasaga.-s 

Ten  years  later  Sir  William  Logan's  report  on  the  Geology  of 
Canada  devoted  several  pages  to  the  '  ancient  beaches,  terraces  and 
ridges'  of  Canada.  Shells  were  reported  to  have  been  found  em- 
bedded in  the  lake  deposits  at  many  places,  and  measurements  of 
altitude  of  old  shorelines  were  recorded  near  Colling^  at  Mea- 

'.anadian  Journal,  vol    I.  1853.  pp.  223-226. 
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ford;  at  several  points  around  Owen  Sound;  at  Isthmug  bay,  and  at 
Cabot  head-on  the  Saugeen  peninsula.' 

No  systematic  exploration  of  these  raised  beaches  was  carried  on, 
however,  until  1887.  That  summer  and  the  next  were  spent  by  Dr. 
J.  W.  Spencer  in  surveying  them,  and  measuring  their  heights.  A 
report  of  this  work  was  made  by  Dr.  Spencer  at  the  Cleveland  meet- 
ing of  the  Amt/ican  Association,  in  August,  1888.«  In  this  paper 
the  name  '  Algonquin  beach '  was  proposed  for  the  most  conspicuous 
raised  beach  of  the  Huron-Georgian  Bay  region,  '  Lake  Algonquin ' 
for  the  extinct  lake,  and  'Algonquin  river'  for  its  ancirnt  outlet 
down  the  Trent  valley. 

Three  years  later,  in  a  paper  entitled  '  Deformation  of  the  Algon- 
quin beach  and  birth  of  Lake  Huron,"  Dr.  Spencer  described  the 
course  of  this  old  shoreline  alonsr  the  east  side  of  Lake  Huron  and 
the  south  side  of  Georgian  boy.  and  presented  in  some  detail  the 
results  of  his  precise  measurements  of  altitude  at  twelve  localities 
between  Grand  Bend  and  Kirkfield.  The  paper  includes  similar  data 
for  a  higher  beach — the  '  Forest  beach.' 

The  results  of  Dr.  Spencer's  study  are  especially  reliable,  because 
his  measurements  were  made  with  a  wye-level  rather  than  with  a 
hand-level  or  an  aneroid  barometer.  Comparing  the  altitude  of  the 
Algonquin  beach  at  his  different  localities,  he  demonstrated  that  the 
shoreline  is  not  horizontal,  but  rises  towards  the  northeast.  The  rate 
of  inclination  was  estimated  to  be  about  41  feet  per  mile  north  of 
Lake  Simcoe,  but  to  diminish  very  rapidly  towards  the  southwest, 
becoming  beyond  Southampton  only  a  little  over  3  feet  per  mile. 
The  beach  was  not  seen  south  of  Grand  Bend.  The  important  con- 
clusion was  drawn  that  subsequent  to  the  construction  of  the  Algon- 
quin beach,  widespread  differential  uplifts  raised  this  region,  giving 
it  a  southwestward  slant;  and  that  this  uplift  was  most  marked  in 
the  northern  part  of  the  region.  Furthermore,  from  his  study  of 
certain  beaches  at  levels  below  the  Algonquin,  Dr.  Spencer  discovered 
that  the  lower,  later  beaches  are  less  steeply  inclined  than  the  upper, 
higher  ones— i.e.,  the  beaches  diverge  vertically  towards  the  north- 
east.   This  was  especially  evident  from  a  comparison  of  the  Algon- 

> '  Geology  of~cii^a  ""can.  GmI.  Survey.  Rep't.  of  Progress,  1863,  pp. 
910-912. 

2  '  The  St.  Lawrence  Basin  and  the  Great  Lakt?s'  (ab'^r^-t).  Proo. 
Am.  Assoc.  Adv.  Sci.,  vol.  37,  pp.  197-199,  1888. 

.1  •  Deformation  of  the  Algonqnin  beach  nn<l  With  of  Lake  Hrron.' 
Am.  Jonr.  Sci.,  4th  series,  vol.  41.  1891,  pp.  12-21. 
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fo^a  .on  of  the  shorelines  instead  of  whol,.  at  Z'J^  ""'"^  "' 

out  th?""!  K,         "''^'"^  °^  *^"  P-P^''  Dr.  Spencer  had  worked 
out  the  probable  position  of  the  focus  of  those  unlift.    r!\*°?~ 

t^^eaehes  of  southwestern  Ontario  to  ^^1:^1^  "^ 

focus  he  placed  not  far  southeast  of  James  bay.' 

The  conclusions  thus  logically  drawn  bv  Ttr  S~.„       . 

bon.,tl,  ,l,e  p„,.„,  Lke  Sri      T  ""  °'  ""  *""•"" 

-K  .i«  «",„,  :ix^r.;  sir""™.  Ti"  '""-"^ 

was  a  mistflkp     TJ.„  i     •  '"'™«-     Inis,  as  it  now  appearg. 

oonHrmed  In  S.p,™b.r.  1892,  by  pj  ST  W.^l.^^  !  ^"^  "" 


C..ld°"„l!"7.'a;p°',it*°""    »*l*«Tp.,/    Tr„, 
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visit*  to  Ontario,  in  which  he  explored  the  courses  of  the  ancient 
outlets  lit  North  Bay  and  Kirkfield,  and  traced  and  measured  the 
heights  of  the  aiixtociated  shoreline^i.  The  observations  made  on  th« 
first  few  tripi  were  published  in  a  series  of  papers,  and  have  to  do 
especially  with  the  '  Nipissing  outlet '  at  North  Bay,  and  with  the 
'  Nipissing  beach  '  which  is  itiJ  contemporary  shoreline.*  But  the 
papers  also  iuclude  descriptions  of  the  raised  beaches  south  of  that 
district,  nroniul  Ijake  Sinicoc  and  oast  .^f  Georgian  bay.  Mo-it  of  the 
hand-level  and  aneroid  measurements  ma<le  by  Mr.  Taylor  during 
these  early  visits  have  been  either  confirmed  or  corrected  under  his 
direction  by  the  wye-levi'l  !<urvi'y  of  190S.  The  results  of  Mr. 
Taylor's  more  recent  studies  in  Ontario  are  a*  yet  impublished ;  but 
they  are  to  be  embodied  in  a  report  on  studies  which  he  is  now  carry- 
ing on. 

A  number  of  hand-level  and  aneroid  measurements  of  raised 
beaches  on  Giants  Tomb  and  two  other  islands  in  Georgian  bay  were 
made  in  1901  by  Mr.  Frank  M.  Comstock  of  the  Case  School  of 
Applied  Science  at  Cleveland.*  These  mea^^urements  are  of  use  in 
extending  the  plane  of  the  Nipissing  shoreline  northward  beyond  the 
Penetanguisliene  peninsula,  as  shown  in  Fig.  4.  None  of  the  islan-'^. 
unfortunately,  rise  high  enough  to  bear  a  record  of  the  Algonquin 
stage. 

(b)  PreTioni  Stndiei  in  the  United  States. 

Mr.  Taylor's  studies  of  the  oui  lets  and  shorelines  in  Ontario  have 
already  been  referred  to  Ilis  observations  even  in  the  first  year  of 
reconnaissance  (1803)  extended  over  several  hundred  miles  of  shore- 
line outside  Ontario.  During  the  following  years,  with  occasional 
interruptions,  he  carried  his  explorations  almost  completely  around 
the  Great  J^kes.  In  the  course  of  a  few  years  he  had  worked  out  the 
general  outlines  of  Lake  Algonquin  and  its  successor,  the  '  Nipissing 
Great  Lakes,'  and  had  found  that  the  southwestward  tilt  of  the  water 
planes  which  Spencer  had  observed  in  Ontario  extends  over  the 
whole  upper  Great  Lake  region.     The  Nipissing  beach  seemed  to 

» •  The  Ancient  Strait  at  Nipissing.'    Bull.  Oeol.  Soc.  America,  vol.  5, 

1883,  pp.  620.626.  •     ..     „    1 1     j         »    .  « 

'  The  Limit  of  post-glacial  Submergence  m  the  Highlands  east  of  O°or- 
(ian  Bay.*    Am.  Geologist,  vol.  14,  189t,  pp.  252-285. 

•  NotM  on  the  Quaternary  Geologv  of  the  Mattawa  and  Ottawa  Valleys. 
Am'.  Geologist,  vol.  18.  1«96.  pp.  108-120. 

2  '  Ancient  Lake  Beaches  on  the  Islands  in  Georgian  Bay.'  Am.  Geolo- 
gist, vol.  3:1,  1!M)1,  pp.  311-318. 
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have  been  deformed  in  a  remarkably  uniform  fa.hion,  so  a<  to  mark 
an  evenly  inclined  plane  inat«ad  of  a  warpH  one.> 

The  mea8urement.  by  which  these  broa  .er  features  of  deforma- 
tion  were  roco^nized  were  subject  to  some  uncertainty;  for  they 
were  made  partly  with  the  hand  level  and  partly  with  the  aneroid. 
*^ew,  if  any,  measurements  with  more  precise  instrumenU  were 
secured.  So,  while  a  general  knowledge  of  the  Algonquin  and 
Nipissing  shorelines  was  extended  rapidly  over  the  who'e  region, 
certain  problem?  were  left  unsolved,  awaiting  the  use  of  more  precise 
methods  of  study  in  critical  districts. 

Among  these  problems  one  may  be  selected  for  illustration  because' 
It  was  so  troublesome  and  yet  so  important.    What  becomes  of  the 
Algonquin  and  the  Nipissing  water  planes  as  they  pass  southward  in 
the  direction  of  their  convergence?    At  first  the  same  mistake  was 
made  in  the  Michigan  basin  that  Dr.  Spencer  had  made  in  the  Huron 
basin:  the  Algonquin  beach  was  assumed  on  insufficient  evidence  to 
continue  its  southward  slant    .  far  as  to  pass  beneath  the  present 
lake  and  to  be  submerged  130  feet  at  Chicago.'    But  as  more  atten- 
tion was  directed  to  the  raised  beaches  of  the  lower  peninsula  of 
^ichigan.  It  became  more  and  more  evident  that  the  southward  in- 
clination  flattens  rapidly  before  the  beaches  reach  the  level  of  Lakes 
Michipm  and  Huron.     The  hand-level  and  aneroid  measurements 
failed  to  bring  out  satisfactorily  the  identity  of  these  two  important 
shorelines  in  the  critical  southern  part  of  the  region.    As  the  Algon- 
quin and  Nipissing  planes  draw  together,  the  diflFerence  in  altitude 
between  them  decreasing  from  180  feet  at  Mackinac  island  to  95  feet 
at  Harbour  Springs  and  20  feet  at    Traverse  City,    tl>e  distinction 
between  the  beaches,  at  first  obvious,  becomes  increasingly  difficult 
nnd  at  last  impossible,  unless  observations  are  made  a  few  miles 
apart  and  a  spirit  level  is  used  in  place  of  the  less  accurate  instru- 
ments.  It  18  necessary  that  errors  of  mrasuroment  should  be  in  inches 
rather  than  in  feet.     So,    durii.ff  the  nineties  and  up  to  1005.  while 
hand-level  and  aneroid  were  still  relied  upon  to  solve  the  question,  a 
state  of  uncertainty  prevailed  as  to  (a)  the  probable  distance  south- 
ward to  which  these  differential  uplifts  had  taken  effect,   (5)   the 
deptW^bn«rgenc^of^]^  AWquin  and  the  Nipissing  planes 

and'fi^''?.^*'"''^  ^^^^  A'K°>"l"i"'  Am.  G^^lci^i^tT^  uTlSS^.TpTleii-lM. 
=  '  Op.  cit..  p.  108,  and  Dg.  ,"). 
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helow  Lake  Micliigan  and  Lake  Huron  at  Chicago  and  Port  Huron, 
respectively,  and  (c)  the  po««ibil)ty  that  tho  wat.T  planes  flatten  so 
completely  southward  as  not  to  pass  beneath  the  lakes  nt  all. 

Obiervntions  on  both  sidos  of  the  lower  peninsula  of  Michigan 
by   Mr.    Irank    Leverett,   and    Mr.   Ta.vlor    (largely   unpublished), 
together  with  certain  wye-level  measuremcnti  by  Dr.  A.  C.  Lane  and 
his  associates  on  i'     Michigan  State  Survey,  around  Saginaw  bay 
and  the  'thumb,'  were  gradually  changing  this  third  idea  from  a 
possibility  to  a  probability,  when  the  writer,  under  the  auspices  of 
the  Wisconsin  Geological  and  Natural  History  Survey,  undertook  • 
detailed  study  of  the  raised  beaches  along  the  west  side  of  Lake 
Michigan,  in  the  critical  district  where  the  two  shorelines  had  been 
thought  to  pasa  beneath  the  level  of  the  modern  lake.'    This  work  in 
eutern   Wisconsin   differed   from   earlier   investigations   in   that   it 
covered  a  comparatively  small  field,  with  observations  that  were 
practically   continuous    along   the    Algonquin   beach,    and    included 
measurements  of  altitude  not  only  of  this  beach  but  of  the  complete 
series.    The  measurements  were  made  with  the  wye-level  at  nearly 
fifty  stations,  averaging  two  miles  apart.    The  study  showed  (a)  that 
the  inclination  of  the  Algonquin  beach  on  the  west  side  of  Lake 
Michigan  decreases  greatly  towards  the  south,  changing  from  about 
1.6  feet  per  mile  at  Washington  island  to  only  a  few  inches  per  mile 
south  of  Sturgeon  bay;  and  (h)  Aot  the  few  fragments  of  the  Algon- 
quin beach  which  have  escaped  destruction  from  cliff  recession  south 
of  Sturgeon  bay  (midway  down  Lake  Michigan)  suggest  a  complete 
flattening  of  the  Algonquin  plane  at  a  height  of  25  feet  above  modern 
V.ke  level  (607  feet  A.T.).    In   other  words,  the   southern  half  of  the 
Lake  Michigan  basin  seemed  not  to  have  been  affected  by  post- Algon- 
quin differential  uplifts.     This  conclusion  was  based  partly  on  the 
fact  that  certain  higher  beaches  older  than  the  Algonquin  seemed  to 
be  horizontal  near  the  south  end  of  Lake  Michigan.* 

In  the  summer  of  1907,  under  the  guidance  of  'Mr.  Taylor,  a 
similar  detailed  survey  of  the  Algonquin  and  Nipissing  beaches  was 
CB'ried  on  by  the  writer  along  the  east  side  of  Lake  Michigan.  The 
results    of    this    were    stated    in  a  brief  paper  in  the  Journal  of 

»  '  Correlation  of  the  raised  beaches  on  the  west  si  'e  of  Lake  Michigan. 
Jonr.  Geology,  vol.  14,  1906.  pp.  411-424.  '  Abandon»a  shorelinea  of  eastern 
Wisconsin.'  Bull.  AVisconsin  Geol.  and  Nat.  History  Survey,  No.  17,  190,, 
1S4  pp. 

3  Op.  cit.,  fig.  3  and  plate  1. 
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-on  with  preoi  j::;:::  ;,  *  ^'7''-!"  '•r' '""'"  •*  •''««"♦• 

at  S96  f       or  whether  the  tJ    M   \^     .    """''''  *""««»*••  'horeline 

fter  the  work  of  im  althou^  t  T'  '''"'°"'  *"  «'"  '«  «»''"»'* 
•outheru  half  of  t^'l.  Z  ^  ''^''^'''-''^^  «>'  ««>»•>  -'oun '  the 
recognition  there  of  «    t  !  ^"  thoroughly  eU.bli.hed         .he 

north  ..  Holland  .nd  Milwal^  ''^"  '^''"'""  "  '" 

-^  sz  ^"zstrr^-  °" '''  -'  ^'^^  - 

i«oba.e,  or  line,  of  ^al  ^ZZtZnolllZ  "  '  ."""  "'""^'"'^ 
thenonhemhalf  of  LdceMicIIZT  ''°"*'""'  **"'''  """ 

The  close  correspondence  betwMm  ♦>..        j-.- 
which  Dr.  Spencer  had  ^Zr^T     i   """'J't'O""  there  and  thoee 
small  map  of^Lo^at  ^a^/  ''"*'"°  ""  *"°"^''t  out  in  . 

were  ^^^UII^ZtlTCiZ  Tn  M'  \''''  "'"''^  '''*'''- 
Spencer's  point,  near  Geor^an  7  .  '"'"""  ""  '""^  »'  »'• 
Huron.  '^''"  '"^  "-^  ^h*  e"t  shore  of  Lake 

The  question  of  the  horizontality  and  height  of  th«  ii 
and  Nipissing  beaches  around  the  south  1^,   t  Algonquin 

one  of  the  problems  upon  which  h  was  h  ^\u  '^'  *'°  '"'«  '" 
me^re.ents  of  ^^s^.  On^l^Urrw^r^Lr "' ."' 
indeed  seems  now  to  have  been  settled  Th!  ♦  u  T  ""*'*"'" 
become  horizontal  at  607  f^and  59fl  f  !  "'"''""^  '^'^  *° 

?!!^fli^iW6JnWisconsir  *'  '«*^*'->y.  "  was  ,ug- 


'  '  Op.  cit.,  p.  472. 

'  <>P-  cit..  6g.  3  and  plate  1. 
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REHrLTH  MKr    HKD  IN  J»o8. 
The  wiipc  iif  th»>  wiirk  in  Oiitiii      iiml  it*  iM'iiriiig  im  fiiiidanieiitttl 
probleino  of  lnko  hi«tor,v  nnd  of  pom  «lu<'ial  dpfornintion»,  i«  iiidicntftl 
in  the  fnllowiiiir  !«imiiiiflp.v: — 

(1)  Mcatun-mentM  of  Hltitinlc  of  lie  AlRoiiqnin  beach  (or  of  itt 
•uppoicd  equivnlnit)  have  been  ni«<U'  with  the  wye-level  at  over  forty 
localit'ei*,  di^tribiiteil  a*  ..)llo>  i>: — 

(a)  Eaot  »idc  of  I^ke  Hiirun 7  loeiilitie!>. 

(fc)  South  unci  '-.iithi-' 't  shore  uf  (leor- 

Riax  >  11         " 

(f)  Lake  Hii,  let ..     n         " 

(d)  Kirkfiel.l                ralL.v  di»trict.      ..11         " 
(«)  Archu-iiri  s-- 4         " 


To(..(  -r   ...        ...  44 

In  addition  to  th«'- 
other    looulitic»    «i>> 
Johnston.  * 

(2)  These  niea^i      nientit  n  ^    i    jKsnible  to  ''-niitruct   lines  of 
equal    deformatioji     of    tlte    i^  hu^iif       bemcli    ii<r.»i    ftouthwe»tern 


iituuber   of   oMMi^urenients  were  made  at 
pof^et    Itrt'i  1,   by    M',    Taylor    and    Mr. 


Ontario,  Lake  Sii.«h-oe.  ami  li- 
isobai^es  »'an  be  estendtKl  we 
with  those  previc  4|y  draw " 
are  in  surpri^init  -wvordaiui 
igobases  of  p-  u>?i>iiii'"in  ■*■ 
more  than  di'      <•»!. 

(S)  The  ssrrey  has  t\uh 
outlet  or  '  Algonquin  riv«  - 
during  the  stage  when  tl 
And  since  this  shoreline  i^  . 


tWr-Ti  ptirt  of  Oeorgian  bay.  These 
1(1  Bii-m"-   l^ke  Huron   to  connect 
lidkp    vitchigun.  with  which  they 
nB«  tiat  jiw^a  over  which  a  full  set  of 
-        HiH  mn  be  constructed  has  been 


«ia^ii«(M«il  .If  ccmnexion  of  the  ancient 
^  f  Kirkfield  with  Lake  Algonquin 
-Mil  beach'  was  being  conBtructe<l. 
ane«*Md  with  the  head  of  the  St. 
Clair  river  at  Samia,  it  i-  eJeori  he  r«.>cord  of  a  '  two  outlet '  stage. 
(4)  The  direction  of  tii'  f  this  shoreline,  and  its  rate  of  tilt  in 
feet  per  mile  have  been  *  ked  out  wit»i  some  precision.  In  this 
respect  Dr.  Spencer's  conclusions  have  been  confirmed.  The  new 
observations,  however,  contradict  Dr.  S^'  ncer's  assumption  that  the 
southward  slant  continues  at  least  as  fai  a*  the  southern  end  of  Lake 
Huron. 

(6)  The  Algonquin  beach  is  found  to  become  horizontal  at  607 
feet  above  sea-level,  around  the  southern  end  of  the  lake.    A  line 
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drown  acroM  I^ko  Huron  not  fnr  north  of  Bad  Axe.  \flihi(ran,  and 
Oran.  Bend.  Ontario.  m'purat.M  fh..  northern  dUtriot  of  diffeivntial 
Uplift  from  the  wuthcni  district  of  horir.ontality. 

(6)  The  hori«ontaIity  of  tho  Algonquin  beach  at  6<i7  feet  around 
the  iouthcm  end  of  Lake  Huron  gives  added  weight  to  tlie  view  that 
thif  beach  in  the  goutherti  ,,«rt  of  tho  Lake  Michigan  haiin  ii  alio 
•pproximatcly  607  feet  above  ica-level.  m  was  luggeate.!  in  100.'.. 

(7)  Tl-c  widespread  horitontality  thus  approximately,  if  not 
perfectly,  realized.  i»  ground  for  the  inference  that  the  Algonquin 
beach,  south  of  a  line  through  (Irean  Bay.  Wiaoon.in,  Onekama. 
Michigan,  Bad  Axe.  Michigan,  and  IJrund  Bend,  Ontario,  itandu 
to-day  at  the  iane  height  as  when  it  was  being  forme.!.  In  other 
words,  tho  original  height  of  Lake  Algonquin  above  the  sea  was 
probably  600  feet. 

(8)  This  conclusion  bring*  with  it  the  means  of  measuring  tho 
absolute  amount  of  uplift  of  other  parts  of  the  Great  Lake  region 
since  Algonciuiu  time,  or  conversely,  of  determining  the  height  at 
which  other  parts  of  the  Great  Lake  region  stood,  above  or  below  sea- 
level,  at  the  time  when  I.ike  Algonquin  had  its  overflow  partly  down 
the  Algonquin  river  and  partly  down  the  St.  Clair  river.  By  infer- 
ence,  also,  still  e  rlier  conditions  of  altitude  can  be  estimated.  Now, 
at  last,  we  have  a  datum  plane  from  which  to  measure  post-glacial 
uplifts.' 

(9)  Observations,  especially  by  Mr.  Taylor  and  Mr.  .Tohnston, 
indicate  that  the  tilting  was  much  stronger  close  to  the  border  of  the 
Arcb^an  highlands  than  a  shur  'istnnce  away,  amounting  to  C  feet 
per  mile.  In  connexion  with  thi».  the  rough  par.illelism  of  the 
isobases  w.th  that  border,  acros,  the  two  lakes,  sug^rests  that  the  up- 
lifts originated  in  the  sub^i  .ucture  of  the  Arclmin  area,  conforming 
closely  to  its  boundaries,  though  started  not  improbably,  as  has  been 
supposed,  by  isoFtatic  adjustment  to  the  removal  of  the  heavv  ice 
sheet. 

(10)  The  measurements  at  several  localities  east  of  Kirkfield, 
near  Balsam  lake  and  Cameron  lake,  indicate  that  either  (a)  the 
Algonquin  b'^ach  in  that  region  has  been  warped  in  an  unusual  way, 

nfupJ^n.  m:.'?"o.;,;- *"' "' ^^  "°*  ^^  'hat  was  the  iaiti.l  pl.^ 


H1H>K».I.INK>       AI.OOMJII.N    A.M>    Ml'IssIXli 


17 


or  (b)  the  itrung  beach  of  that  dUtrict  markt  •  it«p-like  leriei  o' 
pools  betwMn  raiiidt  on  the  Algonqiiiii  river.  A  ipocial  detailed 
•tudy  of  this  field  ought  to  detenuine  which  i«  tiM  cam. 

(11)  Leveling  nt  four  Iim-bH*'  i  between  Luki-  Simenc  iirid  t!i»' 
Mattawa  valley,  while  correcting  Mr.  Tayior'i  uncroid  moaturementi, 
«loe»  nol  .eriounly  modify  lii^  conelu«ion  that  in  thut  part  <il  iht- 
Arehman  highlantU  the  inclination  of  the  Algonquin  beach  ii  not 
uniformly  couthweHtward,  and  niny  be  locally  towards  the  northea-t.' 
The  data  on  the  Nipixiiing  beach,  however,  favour  the  view  that  the 
higheit  beach  at  the  four  localitiea  it  not  in  every  case  the  Algon- 
quin. 

(12)  PreciDO  mcagurements  of  altitude  of  the  Nipix^ting  ihoreline 
at  about  twenty-five  localities  in  Ontario,  when  asix'mbled  and  com- 
pared with  altitudes  of  the  same  beach  in  the  irnited  States,  allow 
the  construction  of  isobasot  for  the  Xipissinff  plane.  This  ha«  not 
been  attempted  since  Mr.  Taylor's  well-known  map  of  lHl)4.  '  he 
reconstruction  of  this  plane,  while  confirming  Mr.  Taylor's  original 
conclusions  in  the  main,  differs  from  it  in  certain  important  parti- 
culars— e.g.,  the  plane  becomes  horizontal  southward  (at  an  altitude 
of  696  feet),  instead  of  slanting  beneath  the  lake.  The  post-Nipir- 
sing  uplifts  are  found  to  have  acted  from  a  slightly  more  easterly 
direction  than  the  eorlier  uplifts,  but  to  hove  affected  virtually  the 
same  portion  of  the  Grcst  Lake  region. 

The  foregoing  conclusions  will  be  reviewed  at  the  end  of  the 
paper,  after  the  evidence  supporting  them  has  bc^n  pre  ented. 

SHORELINES  OF  LAKE  ALGONQUIN  AND  ITS  SUCCES- 
SORS IN  ONTARIO. 

The  newly  collected  data  concerning  altitudes  of  the  Algonquin, 
Xipissing,  and  other  shorelines  may,  for  convenience,  be  dividcil  iiitij 
five  parts,  representing  five  rather  distinct  geographic  districts: 
(a)  the  east  shore  of  Lake  Huron ;  (6)  the  south  and  southeast  shores 
of  Georgian  bay;  (r)  the  Lake  Siracoe  district;  (d)  the  Kirkfiold- 
Trent  Valley  district;  and  (e)  the  Archsean  highlands.  For  each 
district  the  measurements  will  first  be  given  in  tabular  form;  follow- 
ing this  will  be  a  short  discussion  of  the  conditions  in  each.  All 
localities  are  shown  on  the  large  map.  Fig.  1. 

'  This  eoncIuBion  was  reirhetl  in  lS9fi  (sre  '  Xoto.;  nii  the  Qnntprnary 
Geology  of  the  Mattawa  and  Ottawa  ralleTs.'  Am.  Qeologist,  vol.  18,  pp. 
118-11!«),  but  tlip  iKissibilifv  thnt  the  liiKhesi  bpach  .it  some  of  these  locali- 
ties mixht  not  be  the  Algonquin  beach  wag  recognized. 

2663-9 
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(a)  The  Eatt  Shore  of  lake  Huron. 

Wye-level  measuroinents  from  the  lake  up  to  the  highest  Algon* 
quin  beach  resulted  as  follows: — 


Altitude  of  the  Al 
gonquin  shoreline. 

Description  of 
beach  or  ter- 
race, and  of 
place  where 
meaiiured. 

6. 

i-i 

5.S 

< 

Description  of 
beach  or  ter- 
race, and  of 
place  where 
nieanured. 

Other  shorelines. 

i  Feet. 

Sarnia -606- 

607 

i 
1 

i 

Beach  ridge. 
On    main 
riuul   1   mill' 
east  of  town. 

Feet.  ! 

596  Cravelly    Iwach, 
with     sandy 
crest,  700  yards 
hack  from  lake 
near  Port  Kd- 
ward. 

i 

Several  other  ridges, 
above  and  below  the 
Nipis8ing,but  none  so 
continuous.  Upper 
one*  gravelly,  lower 
ones  sandy. 

Kettle  Point.. 

607 
606 

Base   of   cut 
bluff,  2  miles 
back    from 
shore,    on 
east -west 
road,  3  miles 
"outh  of  Ket- 
tle Pt. 

Sandy   ridge 
cloee  to  last. 

596 

Sandy  ridge,  100 
yds.    out  from 

Sandy  ridges  between 
these,  at  600, 602,  and 
603  feet. 

Grand  B«nd. 

W    Gravellv  beach 

ridge  recent- 
ly exposed  by 
migration  of 
dunes,    at 
shore  IJ  miles 
north  of  vil- 
lage, and  a 
quarter  of  a 
mile  north  of 
Maple  Grove. 

by  waves  to  low  cliff, 
leave  no  chance  for 
beaches  at  lower  lev- 
els than  Algonquin. 

Bayfield 

618 

Terrace  at  base 
of  15  ft.  bluff 
at    shore  at 
J.  Watson's, 
(formerly 
Wilson's)  4 
miles  south  of 
village. 

610  feet. 
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Igon* 


e  Al- 
ine. 

'J. 

1 

■sn 

Description  of 

-1 

Description  of 

*tS'fi 

beach  or  ter- 

•v^ 

U«ch  or  ter- 

LtwHlitr. 

race,  and  of 

race,  and  of 

OtlitT  xhorelineK. 

■fi-^ 

place  where 

■^M 

place  whert* 

si 

measured. 

measured. 

Feet. 


Feet. 


idgeg. 
w  the 
oiieso 
nper 
lower 


tween 
2,  and 


tbiick 
■  cliff, 
»  for 
r  lev- 
luin. 


•es  to 


Kincanlim-. . 

«65 

Barrier  beach. 

60O 

Base  of  bluff  near 

Obscure  lieachek  noted 

1               1  mile  south 

lake,  due  west 

at  641  feet,   railway 

!    of   centre  of 

of  last. 

rrossing,  and  667  feet 

town,    at 
\   north  edge  uf 

in  cemetery. 

cemetery. 
1    Was  built 

'            ,    half  a  mile  off 

!            :    shore  with  a 

1    shallow  la- 

I    goon  behind. 

667  ;Same    barrier, 

604 

Base  of  bluff  at 

Beaches  at  636  feet  (?), 

i    on  Albert  St., 

foot  of  Albert 

646    feet  (good).  661 

;    4  mile  north 

street. 

feet  {?),  and  660  feet 

of  cemetery. 

(good). 

Baie  dit  Dore. 

i 
i 

618 

Bench  at  foot  of 

Remarkably  high  steep 
bluff  with  base  at  661 

a  low  but  sharp- 

j 
i 
i 

ly  cut  bluff. 

feet,  half  a  mile  back 
from  shore.  Too  low 
to  correspond  with  the 
Algonquin.  Lower 
I)eache8at6l0and612 

Base    of    20   ft. 

feet. 

Port  Elgin  . . . 

i 
710  i  Barrier    beach 

t!14 

Beaches  at  671  feet  (?) 

connecting 
with  high 

bluff  behind 

689,  •!•«,  and  702  feet. 

dunes  near 

kame  on  Sau- 

shore,  at  elbow 

:    geen    road. 
1    On  east-west 

of  road,  west  of 

last. 

1    road  1^  miles 

i    south  of  vil- 

1    l.ge. 

1 

Southampton. 

1 

618 

Beach  of  fine 

Beaches,  mostly  sandy, 
between  Nipissmg 

gravel,    in    lot 

back  of   Cath- 

and lake,  at  607,  601, 
603,  606,  608,  607  and 

olic  church. 

611  feet  (at  Mr.  Bow- 

man's house). 

This  east  shore  of  Lake  Huron  doea  not  afford  many  localities 
for  observations ;  for  the  modem  cliffs  have  very  generally  been  cut 
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back  past  the  old  shorelines  into  higher  ground.  The  stretch  of  forty- 
four  miles  between  Kincardine  and  Bayfield  with  no  measurement-)  is 
due  to  this  lack  of  preservation  of  the  Algonquin  beach,  and  to  the 
difficulty  of  discovering,  in  the  few  days  assigned  to  this  district, 
such  fragments  of  it  as  the  one  which  still  remains  at  Bayfield.  At 
Goderich  the  modern  cliffs  are  50  to  100  feet  high,  except  close  to 
the  mouth  of  the  river,  where  they  have  been  cut  back  across  a  well- 
defined  river  terrace  whose  altitude  is  607  feet.  This  is  about  20 
feet  too  low  to  be  a  flood  plain  adjusted  to  the  Algonquin  otage.  It 
probably  belongs  to  the  Nipissing  stage  of  the  lake,  since  the  Nipis- 
sing  shoreline,  if  it  were  here,  should  occur  at  an  altitude  of  about 
600  feet,  and  this  flood  plain  fragment  is  an  unknown  distance  up- 
valley  from  the  shore  of  Nipissing  time.  Eighteenmile  creek,  one  of 
Dr.  Spencer's  localities  for  the  Algonquin  beach,  proved  to  be  a  dis- 
appointment. A  number  of  river  terraces  were  found  at  the  mouth 
of  the  creek;  but  not  a  sign  of  a  shore  terrace.  The  modern  cliffs 
have  been  cut  back  i*ito  higher  ground.  Possibly  a  shore  terrace, 
once  measured  by  Dr.  Spencer,  has  been  consumed  by  the  cliff  reces- 
sion of  the  last  twenty  years. 

In  spite  of  this  destruction  of  the  record,  the  six  good  localities 
where  the  Algonquin  beach  is  strongly  developed  (Sarnia,  Kettle 
Point,  Qrand  Bend,  Bayfield,  Kincardine,  and  Port  Ligin)  suffice  to 
ehow  its  attitude.  From  Sarnia  northward  to  Grand  Bend  at  least 
the  beach  is  virtually  horizontal  at  607  feet.  A  few  feet  must  be 
allowed,  of  course,  for  the  constructional  variation  and  for  small 
errors  of  leveling.  This  horizontality  of  the  Algonquin  beach  at  607 
feet  agrees  with  observaHoi! .  on  the  west  side  of  the  lake,  in  Michi- 
gan, and  with  the  writer'.,  conclusions  in  eastern  Wisconsin  There 
is  no  mistaking  the  Algonquin  beach;  it  is  stronger  than  an}  other 
except  the  Nipissing. 

North  of  Grand  Bend  (and  an  unknown  distance  south  of  Bay- 
field) the  Algonquin  beach  begins  to  rise  towards  the  northeast.  The 
exact  direction  of  ascent  cannot  be  determined  from  the  few  observa- 
tions in  the  table,  alone;  it  is  based  on  more  ccnplete  data  farther 
north,  as  will  be  explained  later.  The  distance  between  Bayfield  and 
Kincardine,  measured  in  the  direction  of  tilt  (N  21°  E)  is  forty-four 
miles;  the  difference  in  altitude  of  the  Algonquin  beach  at  the  two 
places  is  (666-613  feet)  53  feet,  making  the  average  tilt  for  the  first 
fifty  miles  or  so,  1-43  feet  per  mile.    The  distance  from  Kincardine  to 
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Port  Elgin  is  twenty-one  miles;  the  rise  in  the  Algonquin  beach  is 
(710-666  feet)  44  feet;  so  that  the  tilt  rate  here  is  2  10  feet  per  mile. 
All  this  is  shown  graphically  on  the  profile.  Fig.  2. 

Turning  now  to  the  Nipissing  beach,  we  find  imperfect  eridence 
of  its  horizontality  south  of  Grand  Bend  in  the  agreement  of  certain 
beach  ridges  at  Sarnia  and  Kettle  Point,  both  596  feet.  It  was  nuc 
thought  necessary  to  take  time  to  discover  more  localities  for  this 
beach  in  this  district,  because  the  horizontality  of  the  older,  higher 
Algonquin  beach  seemed  certain,  and  data  were  available  along  the 
Michigan  shore,  and  especially  around  the  head  of  Saginaw  bay,  to 
show  the  Nipissing  beach  to  be  essentially  horizontal  at  596  feet.  In 
the  twenty-one  miles  from  Kincardine  to  Port  Elgin  the  Nipissing 
beach  rises  (614-600  feet)  14  feet— i.e.,  its  tilt  rate  here  is  only  0-67 
feet  per  mile.  There  is  no  mea.>ureable  change  in  rate  between  Port 
Elgin  and  Southampton.    These  facts,  also,  are  brought  out  in  Fig.  2. 


(b)  South  and  Southeast  Shores  of  Oeoi^an  Bay. 

In  this  table  the  order  of  localities  is  geographical,  following  the 
shore  from  near  the  end  of  the  Saugeen  peninsula  southward  and 
eastward  to  the  Penetanguishene  peninsula  and  Machedash  bay.  In 
all  but  five  cases  (Park  Head  Junction,  Colwell,  Elmvale,  Wyebridge, 
and  Coldwater)  leveling  proceeHed  from  Georgian  bay  as  a  base.  At 
the  first  three  the  railway  station  was  the  base ;  at  the  last  two,  slack 
water  in  creeks  tributary  to  the  bay  was  accepted  as  approximately 
bay  level. 


Ix>ca1ity. 


5<- 


Dewiription  of 

boaih  or 
terrace,  and  ofi 
.    iilaou  wheru 
■ '     measured. 


Dyers   Bay. 


Feet. 


Highest  point 
reached  was 
691  feet,  too 
low  fur  re- 
cord of  the 
Algonquin 


■Si 


Feet. 
641 


Di'Bcriptiiin  of 
beach  or 

terrace,  and  (»f 
place  wh.'fe 
nieaeured. 


Other  shorelines. 


Chipstone  beach  Benches    at   ^9!^,    609, 
at  top  of  hill;     filO,  618,  623  feet, 
on  toad,  above' 

Willis    Kent's  Beaches  at  6,'M, «»».  (?> 
lumber  camp.  '    and  686  feet  (?). 
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Locality. 


Deacription  of 

beach  or 

terrace  and  of 

place  where 

meoaured. 


Lions  Hfitd. 


Hopn  Bay., 


Feet. 


No    frroundl 
above  760l 
feet.   Algon 
quin    e  a  t  i 
mated  to  be 
820  feet. 


.  jHiKheetground 
lalla  far  short 

'  of  Algon 
qiiin  level. 


Wiarton 


774 
to 
779 


jCobblestone 
beach  encir- 
cling crest  of 
hill  above 
re  H  e  r  V  o  i  r. 
No  chance 
for  higher 
reco  r  d  on 
this  hill. 


I'urk      Head 
.Tnlirtion.. .  .1 


7.3.S 


Indistinct  bluff 
in  field  about 
500  yardai 
eaat  of  staj 
tion. 


1 


•si 


•«! 


Description  of 

beach  or 
terrace  and  of 

place 
where  measured. 


Feet. 
636 


642 


636 


Beach  at  bane 
of  low  bluff, 
southeast  o  f 
village,  on 
road  to  head- 
land. 

Strong  barrier, 
continuation 
of  last.  Runs 
under  church, 
soi'th  of  town. 


ConapicuouB 
deepwater 
barrier  on  road 
to  shore  at 
head  of  bay 


Other  shoreline*. 


Magnificent  seriea  of 
chipatone  beaches  at 
head  of  fa«y,  in  paa- 
turea  and  lota  in 
southeast  part  of 
town.  Twenty  of 
them  between  Nip- 
issing  and  shore,  at 
intervals  of  a  few 
feet. 

At  6C6  feet,  atrong, 
broad,  gravelly  ridge 
crosses  Saugeen  road 
just  south  of  town. 
At  673  feet,  another, 
a  quarter  mile  south 
of  last 

Obscure  gi. 
on  hills  » 
town,  692,  697,  » 
723  feet. 

621  feet,  atrong  beach 
in  front  of  Nipiaaing. 

629  feet,  crest  close  to- 
hind  Nipissing. 

1664  feet,  distinct  beach 
near  foot  of  cliffs  on 
hill.  No  more  shore- 
lines up  to  724  feet. 


630 
and 

ma 


Sloping  bench  Between  shore  and  re- 
at  foot  of  40  servoir,  no  beaches 
ft.  cliff,  in  except  Nipissing 
northwest  part  until  74;{  feet  strong 
of  town,  nearj  cobblesttme  ridge  at 
hotel.  Mr.  Dobaon's  house; 

746,  750, 763, 770  feet, 
and  finally  the  high- 
eat  Algonquin. 

Gravelly  beaches!  Above     the    Nipissing 
in    south  part     are  two  others  :— 
of    town    near     649  feet,  weak  beach  ; 
railway.  656feet,  heavy  one. 
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Locality. 


'  S 
i>'3 


Description  of 

beach  or 

terrace,  and  of 

place  where 

meaaured. 


Feet. 
Owen  Sound.     748 


i 


HoggP.O 


778 


Preflqu'ile . 


Ureat  gravel 
kpit  on  Un- 
ion St.  neai 
Brown  St. 
In     a  o  III  e 

{ilac  ex  a 
ower  creat, 
also,  at  747 
feet. 


Feet. 
633 


Dtwcription  of 

beach  or 

terrace,  and  of 

place  where 

meaaured. 


Uaae  of  high  bluff 
near  achool  on 
Union  St. 


Uther  shorelintia. 


627    Fine  (era velly  bar  Low  gravelly  beach  at 
on  ahore  roadj    &92fe«t. 
one  mile  uorth- 
weat  of  town. 

625  iBaap  of  distinct 

15  ft.  bluff  in 
!  field  4  miles 
!     northe  a  s  t    of 

town. 


Flattiah  ridge  of  gravel 
on  road  near  shore  at 
603  feet. 


Strong  c  ii  i  p- 
atone  ridge 
at  house  used 
aa  |ioat  -  of- 
fice. 


Meaf  otd . 


783 


Distinct  grav 
elly  beach  on 
road  at  con 
cession  xxi, 
2  miles  west 
of  shore. 


Clarksburg 
and  Thorn- 
bury. 


770 


I    769 


625  I  Base  of  bluff  near 
sliore.    Rath' 
'     irregular. 


625 


Bue  of  ateep, 
sharp  bluff,  3U0 
y^rds  back  of 
poat-otfice. 


No  distinct  ahorelinxs 
above  Nipisaing  until 
746,  748,  761,  771 
feet  beaches,  and 
finally  highest  Algon- 
quin. 


629 


Fine  aeriea  of  bayhead 
beaches  between 
shore  and  Nipiasing 
bluff,  at  593,  59.>, 
598,  606,  612,  622, 
625  feet. 


Base  of  conspicu- 
ous bluff  with 
heavy  boulder 
[lavement,  near 
ahore  east  of 
last. 


Below  the  Xipisaiiig, 
rather  indistinct 
beachea  at  607  and 
612  feet. 

Just  below  the  Algon- 
quin, diatinctbeaches 
at  773  and  777  feet. 


Indistinct  bluffi 
cut  in  till,  on 
road,  1  mile! 
due  west  of 
Clarksburg. 

Coarse  gravel- 
ly beach  just 
in  front  of 
last. 


632 


I  Base  of  bluff  in 

j     village      of 

Thornbury. 


In  Thornbury  from 
shore  near  station 
sou  thwtistward 
through  village,  are 
gravelly  beacnes  at 
593,  601,  602,  612,  and 
620  feet. 

Beyond  Fipissing  bluff 
at  657  feet,  a  ndge  of 
fine  gravel. 

West  of  Clarksburg, 
near  the  Algonquin 
beach,  are  beachei  at 
737,  743,  746  and 
750  feet. 
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'1 

6. 

-| 

'ii 

1- ■« 

Deaeription  o 

'11 

OcKription  of 

beach  or 

beach  or 

Locality. 

terrace,  and  o 

f  "sl 

terrace,  and  of 

Other  shoreline*. 

a  S 

place  where 

1^ 

1'^ 

place  where 

S««J 

meaaured. 

mean]  red. 

< 

Feet. 

i 

Feet. 

Mair  Milli... 

767 

Gravelly  beach 
Sn    fret   out 
from  base  ni 
bluff,  a  mile 
miithofMaii 

632 

Base  of  steep  IB 
ft.     bluff,     on 
road  north  of 
last,    half-way 
to  shore. 

Mill!  and  i 

i 

mile   alone 

eaa  t-  weal 

road. 

i 

ColwMl 

77» 

Great     grave 
bar   if  mil*- 

A  sandy spi  t  with  c.esta 
lit  755  and    752  feet 

northwest  ol 

crosses  road    just 

station,     n  n 

southeast  of  Colwell 

road  to  Ves- 

Station.      Is  an  ex- 

pra. 

1 

tension  of  tne  774  ft 
bar,  built  at  a  later, 

lower  stage. 

Elmvale. 

829 

Base  of    high 

804     ft.    Cobbleatone- 

bluff  in  pas- 

beach  in    same   pas 

ture  4  mileh 

ture. 

northeast  of 

town. 

Wyebridgb.  . . 

840 

Bane    of  H  i 8- 

6.17   Sharply    defined 

Less  distinct    terraces 

tinct  bluff  ill 

i    terrace, 2()() flit     iin  same  hillside,   at 

woixls.g  mile 

]    broad,  with 

618  and  6.58  feet. 

east  and    i 

'    steep   bluff,  on 

niilef«uutlio 

side  hill  lielow 

village. 

.    road. 

P«nutan)^ii' 

SM 

Gravelly    spit 

635  jTerraceatfont  ofjOther  terraces  on  same 

Bhi'ne 

at  road  cor- 

! inegulargiillicili     slope  at  658  and  698 

ner  4    miles 

blutf,  on   road 

feet,  former  must  dis- 

northwest of 

1  from  held  of  bay 

tinct  of  all. 

town. 

northwestward. 

G39    Strong       terrace  .Strong  bluff  and  terrace 

!     and  25  ft.  hliitf      at  (iliS  feet  (graded  for 

J  mile  north  of;     street).      Ritlier  dis- 

town.  on  steep'     tinet    terrace  at  705 

hillside. 

feet.   At7>''5  feet,  low 
hilt     distinct     sandy 
ridge  around   rim  of 
outwnsh  plain     This 
plain  varies  frtim  785 

i 

to  793  feet. 

Coldwater..  . . 

862 

Base  of  a)  ft. 

635    Olwcnre  l«-ncti  iu 

)n   same  hillside  are : 

bluff,    in 

'     iKriildery     pa,s-| 

sandy   l>e:i(;h   at   (ill 

sht^ep  pas- 

ture    J    m  1 1  ej 

feet,  just  aliove  road  ; 

ture  on  hill  a 

west  of  village. 

672  feet,  sandy  beach 

mile  we?t  of 

in  same  pasture  ;  706 
feet,    broad   beach 

villagi'. 

1 

above  last. 
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As  the  table  indicates,  the  absence  of  the  Algonquin  beach  from 
the  first  three  localities  on  the  list  is  due  to  the  fact  that  no  ground 
was  found  on  tho  Saugeen  peninsula  high  enough  to  register  the 
plane  of  this  highest  beach.  At  this  stage  of  the  lake  the  entire 
peninsula  north  of  Wiarton  apiears  to  have  been  submerged.  The 
record  of  the  lower  shorelines,  however,  especially  the  Nipissing,  is 
very  strong. 

From  Port  Elgin  to  Wiarton  the  distance  (in  the  direction  of 
tilt)  is  twenty-seven  miles.  In  this  distance  the  Algonquin  beach 
rises  (776-710  feet)  66  feet,  or  at  a  rate  of  2-44  feet  per  mile.  In  the 
same  stretch  the  Nipissing  shoreline  rises  (t533-61-l  feet)  19  feet,  or 
at  a  rate  of  0-70  feet  yiet  mile.  Comparing  these  two  rates  with  those 
of  the  same  two  shorelines  south  of  Port  Elgin  (given  on  p.  21),  one 
finds  that  each  rate  has  increased  northward,  the  Algonquin  (from 
210  to  2-44  feet  per  mile)  much  more  distinctly  than  the  Nipissing 
(from  0-67  to  0-70  feet  per  mile).  These  changes  in  slant  appear 
plainly  on  the  profile  Fig.  2. 

It  will  be  noticed  that  the  altitude  of  the  Algonquin  beach  at 
Clarksburg,  Mair  Mills,  and  Colwell  varies  only  slightly  from  770 
feet,  and  that  the  measurements  at  Wiarton,  Hogg  P.O.,  and  Moaford 
are  close  to  780  feet.  Since  these  stations  of  accordant  altitude  are 
far  apart,  in  each  case,  they  enable  us  to  construct  two  lines  of  equal 
deformation  of  the  Algonquin  beach  along  the  south  coast  of  Geor- 
gian bay,  and  to  work  out  the  exact  direction  of  steepest  inclination 
there.  These  six  stations  are  of  similar  value  in  locating  lines  of 
equal  deforniatiou  of  the  lower,  Nipissing  shoreline. 

The  data  gathered  from  Penetanguishene  and  Coldwiiter  are  of 
especial  interest,  because  these  places  are  farther  north  than  the  others, 
and  within  ten  or  fifteen  miles  of  the  border  of  the  Arclwan  high- 
lands. As  Fig.  2  shows,  these  measurements  indicate  that  the  Algon- 
quin plane  rises  from  Owen  Round  as  far  north  as  the  Penetangui- 
shene peninsula  without  any  measureable  increase  in  slant — a  fact 
which  is  important  in  fixintr  the  limits  of  a  distinct  steepening  of  the 
plane  just  north  of  here. 


(c)  lake  Simcoe  District. 

The  measurements  around  Lake  Simcoe  are  necessarily  limited  to 
the  Algonquin  beach  and  those  close  to  it  in  altitude.  Lake  Simcoe 
itself  is  718  feet  above  sea-level— far  above  the  plane  of  the  Nipissing 
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shoreline.  The  district  is  peculiarly  well  adapted  for  making 
measurements  of  the  Algonquin  beach,  not  only  b«cauM  that  beach 
is  well  marked,  but  because  it  stands  near  the  lake,  and  only  from  80 
to  160  feet  above  it.  The  measurements  which  follow  were  all  made 
with  the  wye-level  from  Lake  Simcoe  as  a  base,  unless  otherwise 
stated.  Eight  of  them,  as  the  list  indicates,  were  made  by  Mr. 
Taylor  and  Mr.  Johnston  with  the  pocket  level'  after  the  writ«9r  had 
left  the  field. 


^ts 


1 


Locality. 


Schomlieiv 


Beotoii . 


Bradford.. 


Feet. 
724 


T29 


Ueicription  of  beach 

or  terrace  and  of 
|ilaoe  where  meacured. 


Uther  shurelinen 


'  fen  act-  and  blulf  on  road 
i  inilx  wnith  o!  Lhink- 
erron     (Taylor      and 

I    Johnston) 


Holland  Landing. . . 


Lefroy. 


TerracH  and  bluff  near 
(irand  Trunk  ry.,  J 
mile  north  of  atation. 
(Taylor  and  Johniiton. 


749  Terrace  and  bluff  near 
[  stetion.  (Taylor  and 
I     Johnston). 


I  Ridge  near  Iwhc  of  blutf, 
:     a  mile  north  df  station. 


Big  liay  Point. 


Beach  ridge,  on  west  side' 
I  of  rai  1  way ,  near  station. 
j     (Taylor  and  Johnatuu). 


Allendale  . 


Uarrie . 


(iowan 


79S 


7S2 


I  Beach  ridge,  2  miles  west 
(     of  point,  near  Kemiicn' 
!     feldtbay.     (Taylor  und 
Johntton). 


'Base  of  cut  Muff  in  south- 
east part  of  town. 

[Base  of  cut  bluff  in  yard 
on  Collins  St. 

Base  of  cut  bluff  back  of! 
Shanty  Bay  settlement,  i 


1  This  instrument,  known  as  the  'German  pocket  Wei,'  is  for  sale  br 
Eugene  Uietzgen  Co.,  Chicago.  It  is  well  adapted  to  work  like  that  which 
is  here  described,  for  it  is  very  linht  and  onnvenient  to  carrv,  yet  capable 
of  yielding  precise  measr     ..lentg  when  used  with  a  rod  and  rodman. 
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making 
t  beach 
rom  80 
II  made 
benriia 
)y  Mr. 
t«r  had 


Locality. 


Dmcription  of  iM'ach 

or  ternoe  and  »f 

I  pUcc  whttrr  niettxiirtK). 


Otli<r  «horflin»'ii. 


■a 

5; 


Feet. 

796 

'       798 

I       800 

Oro :      8U 

iu^kntone '      821     IBm*  of  26  ft.  cut  bluff 

juat  wi-Ht  uf  ■tation. 

Orillia i      847 


Sauiv,  it  mile  ewt  of  iMt. 

Bamv,  I  mile  eMt  of  Uit . 

Samit,  near  railway  crc«-| 
iuR,  1}  niilea  eaat  of 
Uowan. 


Banc  of  cut  bluff  a  short 
diitanoe  we«t  of  station. 


Base  iif  cut  bluffy  mile 
north  of  <'«-ntre  of  town. 


Silver  Creek 


flOO  iGreat  Iwrrier  beach  li 
!  milesnorthwectof  town 
j    (Jokniton). 

869    :Cut  terrace  and   l)luff,  a 

mile  northeast  of  stnt- 

i     ion,  on  road  to  Hamp- 

'•    nhire     Milla.      (Taylor 

I    and  Johnston). 


.\rdtrea  . 


883 


Beaverton 


'Beach  ridffe,  IJ  miles 
north  of  village  on  road. 
(Taylor  and  .lohnBton). 


«22  Strong  gravelly  lieach  in 
tielil  eaot  of  road  and  IJ 
niili'h  Hoiith  of  t(pwn. 


IjomoviUe  Junction..     Il838) 


sale  bv 
k  which 
capable 
lan. 


In  village  :  785  feet,  beach 
near  brick  church ;  797 
feet,  beach  300  yards  far- 
ther south  ;  802  feet,  dis 
tiiict  beach  in  field  eaat  of 
road ;  812  feet,  base  of 
strong  15  ft.  bluff  in  same 
•  field  ;  812  feet,  limeston- 
I  cliff  and  terrace  close  t(j 
I  ropd  farther  south,  J  mile 
south  of  village;  and  in 
same  field  witli  the  Al 
gonquin,  beach  ri  v^»  at 
810,  812,  817,  and       •  feet. 

Heavy    gravel    ridge,j Several  lower  ridges  sandy 
thought  to  be  a  great|    and  flattish    on    swampy 


barrier  beach  ;  but  may 
be  a  deposit  of  other 
than  littoral  origin. 
Cut  by  railway,  W 
miles  west  of  station.  | 
(Railway  sta.  base,  892; 
ft^tl. 


ground  farther  west,  along 
railway. 
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The  Algonquin  beach  hai  been  measured  in  greater  detail  between 
Allendale  and  Orillia  than  in  any  other  diatrict.  The  ihorelina  can 
be  followed  with  nearly  perfect  continuity  all  the  way,  a  dittance  of 
about  twenty-five  milea.  The  leveling  ittelf  waa  continuoua  along  the 
Algonquin  beach  from  Uowan  for  two  milea  toward*  Oro;  and  aa  the 
four  meaaurem.  .(•  (795  feet,  796  feet,  798  feet,  and  800  feet)  ahow, 
the  Algonquin  terrace  at  each  locality  proved  to  be  a  little  higher  than 
it  had  been  at  the  last  point,  only  three-eighth«  of  a  mile  away.  In 
other  word*,  the  rate  of  ascent  (even  in  a  direction  lomewhat  oblique 
to  the  direction  of  steepest  ascent)  was  strong  enoi  h  to  overshadow 
initial  irregularities  in  construction  of  the  terrace.  For  economy  of 
time,  it  was  thought  best  not  to  run  levels  continuously  from  Barrie 
to  Orillia,  but  to  choose  stations  at  intervals  of  a  few  miles ;  the  result 
is  a  chain  of  nine  stations  between  Allandule  and  Orillia,  averaging 
220  milea  apart  in  the  direction  of  tilt  (N.  21°  E).  The  tilt  rate 
which  these  measurements  indicate  for  the  central  part  of  the  Lake 
Simcoe  district  is  3-25  feet  per  mile. 

North  of  Orillia,  on  the  west  side  of  Lake  Couchiching,  the  three 
measurements  made  by  Taylor  and  Johnston  (850  feet,  869  feet,  and 
883  feet)  indicate  a  rapid  steepening  of  the  inclination  of  the  Algon- 
quin beach.  In  the  six  miles  between  the  station  at  Orillia  (847  feet) 
and  Ardtrea  (883  feet)  '.he  tilt  rate  averages  6  feet  per  mile.  This  is 
close  to  the  border  of  t.ie  \rchKan  highlands.  In  the  next  section 
attention  will  be  called  to  a  corresponding  increase  of  tilt  of  the  water 
plane  near  the  Archtcan  border  in  another  district,  that  around 
Kirkfield  and  Balsam  lake. 

It  was  hoped  at  first  that  this  survey  of  the  Algonquin  beach  in 
the  Simcoe  district  would  sucrecd  in  carrying  the  wator  plane  south- 
ward until  it  actually  reached  the  level  of  Lake  Simcoe,  disappearing 
beneath  it  somewhere  near  Cook  bay.  Thus  might  an  ancient  beach 
be  really  observed  to  pass,  under  water,'  after  the  manner  once  as- 
sumed for  the  Algonquin  plane  near  the  southern  part  of  Lake 
Huron  and  the  miildle  of  Lnko  Michigan  (set  p;i.  10  nnd  12).   But  as 

'  The  Nipissing  shoreline  is  thoaght  to  pass  beneuth  Lake  Saperior 
east  of  Duluth  (see  paper  by  F.  B.  Taylor,  'The  Nipi'sing  beach  on  the 
north  Superior  shor».'  Am.  Qeologist,  vol.  15,  1895,  pp.  307  and  312).  The 
marine  '  Uswego  '  beach  of  the  Ontario  basin  is  believed  to  dip  beneath 
Lake  Ontario  with  weNtvrard  inclination;  as  indicated  chiefly  by  the  investi- 
KBtions  of  IJr.  G.  K.  Gilbert  and  Dr.  A.  P.  Coleman.  (Sie  pap<>r  by  H.  I*. 
Fairchild.  'Gilbert  Gulf  fMnrine  wa*pr=  in  the  Ontario  oasln].'  Bull. 
Geol.  Soc.  America,  vol.  17,  1905,  pp.  712-718). 
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the  work  progrofwd  it  wai  found  that  the  louthwatd  inclination  i« 
iniufficient  to  produce  thii  phenomenon.  In  (act,  the  tilt  rate  de- 
creases markedly  towards  Allandole,  averafring  9-30  feet  per  mile 
between  Allandale  and  Schomberg.  so  that  the  Algonquin  plane 
passes  over  the  extreme  head  of  Cook  bay  at  an  altitude  of  about  "65 
feet,  or  nearly  60  feet  above  the  level  of  Lake  Simcoe.  The  wye-level 
measurement  at  Holland  Landing  sufficiently  shows  this,  hut  is  sup- 
plemented by  three  or  four  observations  by  Taylor  and  John»ton  in 
the  above  table.  It  will  be  seen  that  near  Schomberg  at  the  southern- 
most point  to  which  the  Algonquin  shoreline  was  traced  by  Mr. 
Taylor  in  the  Simcoe  basin,  the  beach  has  an  altitude  of  724  feet, 
only  6  feet  above  the  level  of  Lake  Simcoe.  The  most  important  fact 
thus  established  is  that  Lake  Algonquin  had  no  overflow  across  the 
height  of  land  between  Lake  Simcoe  and  Toronto.  This  height  of 
land  is  over  900  feet  above  sea-level,  fully  200  feet  too  high  for  Lake 
Algonquin  to  have  discharged  southward  across  it. 


his  is 
ludes 
';.iin 

■  iug 
.  an 


(d)  Kirkfleld-Trent  Valley  Dlitriot. 

Four  days  were  occupied  with    leveling    in    tlic  district    :ii«t    nf 
Lake  Simcoe,  around  Balsover,  Kirkfield,  and  BbIsf   i    ,'^ 
in  some  respects  the  most  interesting  district  stm     •       !•   ' 
the  head  and  upper  portion  of  the  ancient  outlet,  '  'V'- 

river'  of  Dr.  Spencer.  It  lies  close  to  the  Arelwai.  ■..: 
as  a  consequence  the  excessive  tilt  mentioned  on  pag-  '"■ 
effort  was  made  to  obtain  as  many  measurements  on  thj  Algonquin 
plane  as  time  would  permit.  The  results,  while  not  as  complete  us 
might  have  been  secured  in  a  longer  time,  are  significant.  Since 
these  mcagurements  from  the  Kirkfield  district  do  not  lend  them- 
selves to  arrangement  in  tabular  form,  they  will  be  listed  in 
geographical  order.  The  altitudes  were  determined  by  wye-level  from 
the  Trent  canal,  and  from  natural  and  artificial  lakes  alontr  its 
course. 

(a)  Balsover". 

Algonquin  beach  nt  uravel  pit  on  PortRge  rnad.  )n«t  oast  "'  »«1«"";: 
a  fine  gravel  bar,  857  feet.  Lower  beaches  just  west  of  Balsover  viUnge,  ut 
800  feet,  802  feet,  806  feet,  8tS  feet.  .    u  i.  ii     „„,t».  nf 

Algonquin  iKi-.ch  m  yaicU  east  cf  Portage  road,  half  a  mile  north  ot 
last.  b61  fwt.  Algonquin  b^ach  on  Pottage  roa.l.  at  'uf"  thrjo^uarters  of  a 
mil*  north  of  last,  865  feet.  Another  bearh  on  the  west  side  of  Portage  road, 
below  last,  and  a  littU  faither  south,  &53  feet.  ^     ,  .x.     „„,,i,  „„,i 

A  beach  of  slnbs  and  chipstnn"  nn  the  mud  just  west  nf  the  north  end 
of  drowned  land  a  mile  east  of  Cranberry  lake,  852  feet.  The  ground  here 
does  not  rise  much  higher. 
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(b)  Kirklield  and  Victorin  Koad. 

Algonquin  bfiich  on  road  tc>  lilt  lock  half  n  mile  north  of  Kirkficld 
station,  a  gravelly  beach  ridge  with  three  parallel  crests;  highest  crest, 
S83  fopt ;  naddio  ci est,  880  feit ;  lowest  crest,  880  feet.  Obscure  beach  close 
below  last,  872  feet.  .       .  .  ,        ......       •»!. 

A  mile  and  a  half  noith  of  the  lift  lock;  chipstone  beach,  f83  feet,  with  a 
lonor  fTo^t  at  881  foft  en  its  north  side.  t-     .         u      i 

Two  miles  north  of  lift  lock:  doubKcrfsted  coarse  chilistoni'  beach, 
#<  feet. 

Not  only  the  883  ft.  beach  south  of  the  canal,  but  the  88S  and 
888  ft.  beaches  a  mile  or  two  north  of  it  appear  to  have  been  built 
by  waves  from  the  north.  The  imbricated  chipstone  structure  shows 
this.  It  seems  probable,  therefore,  that  the  greater  height  of  the 
888  ft.  beach  north  of  the  canal  is  due  to  differential  uplifts  which 
raised  an  originally  lower  Algonquin  beach  to  an  altitude  6  feet 
higher  than  the  true  Algonquin  beach  n  few  miles  farther  south.  The 
strong  883  ft.  boacli  ridge  north  of  Kirkfield  station,  therefore,  may 
be  regarded  as  tho  Algonquin  beach  itself,  cast  up  along  the  southern 
edge  of  the  shallow  bay  which  led  to  the  Algonquin  river. 

Northeast  of  Kirkfield  station  this  Algonquin  beach  curves  so 
that  it  crosses  tho  railwiiy  not  far  west  of  the  canal.  Its  altituile 
here  is  only  about  87:!  fwt.  A  few  hundred  yards  north  of  the  rail- 
way and  close  to  the  bank  of  the  canal  the  beach  is  interse<ted  by  a 
fault  which  appears  in  cross-section  in  the  limestone  walls  of  the 
canal.  The  humpy  surface  of  the  beach  here,  varjing  from  875  to 
878  feet,  may  be  the  effect  of  a  slight  post-glacial  movement  or 
earthquake  tremor  along  this  fault. 

The  fault  has  been  traced  by  Mr.  .Johnston  for  more  than  half  a 
mile  northwest  from  here  to  the  vi<'inity  of  the  lift  lock,  where  it 
crosses  the  road  at  a  comer  a  quarter  of  a  mile  south  of  the  lock. 
Along  the  fault  line  i.s  a  slightly  up-arched  ridge  of  limestone, 
covered  with  broken  slabs  of  the  rock.  That  the  post-Algonquin 
uplifts  were  attended  by  a  slight  local  dislocation  or  buckling  of  the 
limestone  along  this  plane  seems  probable,  or  at  least,  possible.  Again, 
it  is  perhaps  significant  that  the  Archaean  boundary  is  only  a  few 
miles  north  of  hero,  and  the  limestone  has  a  slight  thickness. 

In  the  shallow,  irregular  basin  between  Kirkfield  and  Victoria 
Road,  a  distinct  shoreline  was  measured  at  four  localities.  At  each 
place  no  higher  stage  has  been  registered,  although  topographic  con- 
ditions would  have  permitted  it. 

At  little  gravel  pit  o;i  road,  a  mile  south  of  Victoiin  Road,  878  feet. 
Thrpe-<iuarters  of  a  mil<'  farther  south  on  f^ame  road,  and  a  quarter  of  a  mile 
north  of  the  ( luiiiiii'l,  a  bluff  ynd  terrace  at  868  foet.     On  island-like  hill 
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just  east  of  the  high  bridge  beach  on  aouth  side,  at  east  end  of  hill,  875 
feet ;  beach  at  north  side,  at  west  end,  871  feet. 

A  careful  comparison  of  the  meagurementa  east  of  Kirkfield  with 
those  at  and  west  of  Kirkfield,  such  as  is  indicated  by  Fig.  1,  shows 
a  distinct  discordance  between  the  two  sets.    The  four  just  mentioned 
seem  all  to  be  lower  by  about  15  feet  than  they  should  he  if  the 
Algonquin  isobases  extend  past  Kirkfield  without  an  abrupt  change 
of  direction.    The  same  is  true  of  measurements  around  Balaam  lake, 
as  will  presently  appear.     Two  explanations  suggested  themselves 
when  this  was  discovered,  and  before  nil  the  measurements  had  been 
made,     (o)  The  post-Algonquin  deformations  just    east  of  Kirkfii'Ul 
were  irregular,  involving  warpings  or  faultings  of  sufficient  magni- 
tude to  bring  these  four  points  15  feet  '  too  low.'    Crooked  isobases, 
then,  would  have  to  be  drawn  for  S70  feet  and  880  feet.    In  favour 
of  this  view  is  the  existence  of  at  least  one  fault  in  the  neighbour- 
hood, where  recent  dislocation  seems  to  have  occurred;    also  the 
marked  steepening  of  tilt  near  the  border  of  the  Archaean  area  might 
be  attended  by  irregularities  similarly  local  and  marked.     A  valid 
objection  to  this  view,  however,  consists  in  the  regularity  of  tilt  over 
the    wide    area    as  shown  by  isobases  plotted  from  measurements 
already  given  (Figs.  1  and  3).    No  such  discordance  as  15  feet  has 
been  discovered  elsewhere  in  the  Great  Lake  region,  where  precise 
measurements  have  been  secured.     In  the  face  of  such  remarkable 
regularity  of  inclination,  not  only  in  Ontario,  but  over  the  two  sides 
of  Lake  ifichigan,  one  does  not  feel  like  recognizing  a  local  irregu- 
larity without  more  positive  evidence,     (h)  An  alternative  is  found 
in  the  idea  that  these  four  measurements  are  lower,  because  they  are 
part  way  down  the  valley  of  the  ancient  Algonquin  river.    It  is  quite 
possible  that  the  ancient  outlet  began  its  descent  at  Kirkfield,  and 
that  even  as  near  its  head  as  this  the  river  surface  had  declined 
several  feet  in  level.     There  is  a  smoothly-swept  rock  surface  just 
east  of  Kirkfield  near  the  high  bridge  which,  if  it  represents  the 
scoured  floor  of  Algonquin  river,  indicates  a  strong  current  and  a 
decided  fall  in  water  level  down  the  outlet.    This  explanation,  when 
first  suggested  by  the  measurements,  was  not  entertained  without 
reluctance;   for  Mr.  Taylor's  former  studies  had  favoured  the  view 
that  the  controlling  point  of  the  old  outlet  was  twelve  miles   east  of 
here,  at  Fenelon  Falls.    Moreover,  the  valley  near  Kirkfield  seems 
almost  too  wide  to  have  allowed  the  deep  Algonquin  river  to  fall 
perceptibly  in  so  short  a  distance.   What  further  date  were  secured. 
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however,  in  the  season  of  190S,  lend  weight  to  the  view  tlmt  tliore 
was  a  down-stream  inclination  even  at  Kirkfield. 

The  choice  between  these  two  explanations  can,  of  course,  be 
settled  only  by  a  detailed  study  of  the  district.  If  the  phenomenon 
13  due  to  local  warping  and  faulting,  the  beach  measurements  should 
bear  a  confused,  discordant  relation  to  one  another;  if  it  is  a  sign 
of  original  slope  down  the  outlet,  the  beaches  might  bo  expected  to 
show  a  systematic  disco*  dance — for  this  reason.  The  Trent  River 
system  of  to-day  is  a  chain  of  lakes,  the  four  uppermost  lieing 
Balsam  lake,  Cameron  lake,  Sturgeon  lake,  and  Pigeon  lake.  These 
basins  of  to-day  with  their  connecting  rapids  must  have  been  basins 
formerly  on  the  course  of  t!ie  Algonquin  river:  and  each  basin 
ought  to  have  its  extinct  shoreline,  a  shoreline  that  was  constructed 
when  the  Algonquin  beach  was  being  formed  farther  up,  at  the  head 
of  the  outlet,  in  the  open  lake 

Fortunately,  although  these  lakes  are  comparatively  small,  they 
are  large  enough  to  have  possessed  recognizable  beaches— at  least  at 
the  highest  stage,  when  the  Algonquin  river  was  active.  Measure- 
ments were  secured  on  this  beach  at  four  places  on  Balsam  lake  and 
one  on  Cameron  lake,  as  follows : — 

Weit  side  of  Balsam  lake,  at  Laidlaw's  c-tate;  base  of  distinct  blufl 
100  vaids   iiiirtli  (if  place  wIutp  taiial  enters   lake,  867  feet. 

At  tchool-liouso.  an  eiKlitU  of  a  mile  we<t  of  last,  a  bench  apparently 
confinuons  with  it,  866  feet.  . 

\:.\<t  ^id(■  of  B.Tbani  lake,  on  road  to  Baddow.  a  quarter  of  a  mile 
c'^t  c.f  t!i'-  li'ke.  distinct  lici'cli  In  field  west  of  srhool-honse  on  south  side 
of  road,  895  feet.     Below  it  are  other  beaches  at  891  feot,  886  feet.  881  feet. 

\t  Kns-dale.  n  lii'lf  'riilc  -nulli  of  the  lock,  clnse  to  tlu-  l:ike.  on  the 
road,  a  stony  beach.  884  feet.  ... 

At  south  end  of  Balsam  lake,  near  elbow  of  road  at  shore  on  east  side 
of  cove,  very  faint  ridge,  low  cut,  and  obscure  fan,  868  feet. 

On  the  south  side  of  Cameron  lake,  a  mile  west  of  Fenelon  Falls,  a 
set  of  ({ravellv  beaches  between  granite  knohs  in  a  field  between  tli"  roail 
and  the  lake  shore,  small  but  wonderfullv  delicate  and  perf"ct.  ITitthest. 
'67  fe"!,  others  at  863  feet.  859  feet,  and  855  feet.  Also  a  sharp  10  ft.  bluff 
with  base  at  839  feet. 

These  points  show  a  discordance  like  those  in  the  district  just 
east  of  Kirkfield,  viz.,  they  are  much  too  low  to  fit  the  extended 
water  plane  of  Lake  Algonquin.  Either  that  plane  has  been  much 
and  irregularly  deformed,  in  this  district,  or  the  beaches  are  not  the 
beaches  of  the  lake  itself  but  of  a  chain  of  pools  on  the  Algonquin 
river.  The  points  at  which  measurements  were  secured  are  too  few 
to  indicate  which  is  the  co.-ect  explanation;  but  the  distinctness  if 
the  beaches  at  places  on  these  small  lakes  offers  hope  that  a  detailed 
study  of  the  district  will  settle  the  problem.  It  is  a  unique  state  of 
things,  however  interpreted,  and  deserves  special  investigation. 
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(e)  Arohtean  Highlands. 

Previous  to  1908  the  raised  beaches  in  tlie  lontj  stretch  euat  of 
Georjfian  bay  and  Lake  Nipis<iiiK  hud  been  nieasuret'.  only  by  the 
aneroiil  barometer  and  the  hand-level.'  Three  days  were,  therefore, 
ik-voteii  to  tho  levelling  of  the  nhoreline^  at  lour  of  Mr.  Taylor's 
localities:  Bracebridge,  Huntsville,  Trent  Creek,  and  North  Bay. 
The  corrections  that  resulted,  in  the  first  three  cases,  were  trivial, 
amounting  to  only  a  few  feet.  The  highest  beaches  at  North  Bay 
('  Nelson '  and  '  McEwen '  beaches)  were  found  to  be  nearly  40  feet 
higher  than  they  had  formerly  been  determined  to  be.  The  chief 
value,  however,  of  this  short  visit  V^  the  highlands  was  in  the  fixing 
of  the  Nipissing  beach  at  an  altitude  of  697  f<-et  at  the  head  of  the 
ancient  Nipissing  outlet  at  North  Bay.  This  U  the  only  point  in  the 
Archffun  highlands  east  of  Georgian  bay  wh'-re  the  Nipissing  shore- 
line has  been  meas\ired  with  accurate  instruments.  It  is  the  only 
guide  to  the  drawing  of  isobases  on  the  Nipissing  plane  in  this 
iiortherr.  <'ountry. 

The  measurements  follow  : — 

(n)  BracebriilKi'.  .    ,- .         i.        j 

LevaU  run  from  the  railway  station  as  a  base  (812  feet  A.  T.)  eastward 
and  northward  two  miles  bv  ro.id  to  house  of  Pliilip  Leeder.  Steep  sharp 
bluH  and  bench  at  Leeder's  snpposxd  to  be  the  Altfonqtun  because  of  1.8 
str(nKth,'989  feet.  On  the  brink  of  (his  bluff  8  low  ndfje,  perhnpR  b  beach, 
1007  feet.  An  eighth  of  a  mile  east  of  Leoder's  in  cemetery,  a  liRht  but  dis- 
tinct beach,  10"  feet.  Coarse  gravel  beach  on  ancient  island  at  gravel  pit, 
three-quarters  .  a  mile  west  of  Leeder's.  986  feet.  This  is  evidently  a  eon- 
tinnation  of  the  supposed  AlRonquin  shoreline.  Stror*  bro-d  bar  that  tiea 
the  ancient  rocky  island  to  the  high  ground  near  Ixjder  »••*«/"*  "J'*'' 
b. KcVes  in  same  field  near  ancient  island,  962  feet  (faint),  957  feet,  952  feet. 
917  f  st  (faint). 

Huntsville.  _ ,         ,  _  ,    . 

1  run  from  railwav  station  (951  feet  A.T.)  as  base.  Base  of  steep 
blufl  op.osite  Vernon  hotel,  1007  feet  This  is  strong,  so  seems  likely  to  be 
the  .Algonquin. 

(c)  Trout  Creek.  .     .    ,  ^v 
From  railway  station  as  base  (1034  feet  A.  T.).    At  Weiler  s  farm,  three 

miles  north  of  town,  crest  tf  gravelly  beach  at  foot  of  rouml  kame,  1221  feet. 
Lower  ridge  of  gravel  100  yards  south  of  last  1215  feet.  On  the  road  east  of  the 
station,  in  the  woods,  a  broad  flat  was  found  at  1199-1209  feet,  which  might  be 
a  shoreline:  but  it  licks  character.  Terraces  that  looked  promising  were 
seen  on  a  cle;ire<l  hill  southeast  of  the  station,  but  there  was  not  time  to 
run  levels  up  to  them. 

(d)  North  Hay.  ^,  ,       ,    , 
Levels  run  from  the  station  !\3  base  (658  feet  A.  T.)  to  Nelson  s  farm,  aye 

miles  northeast,  on  the  Timiskaming  road.  Gravelly  beach  at  Nelsons, 
thr.^  crests,  1178  feet  and  1176  feet.  This  is  the  highest  'jeach  found  by  Mr. 
Taylor  at  North  Bay.     Gravelly  beach  at  Sache's  (formerly  McEwen  s).  1129 

1  F   B   Taylor,  '  Post-glacial  sub-nergence  in  the  highlands  east  of  Geo 
gian  Bay."'  Am.  Geologist    vol.  14,  1894,  p.  285;  and  'The  ancient  strait  a. 
Nipissing.'    Bull.  Geol.  Soc.  America,  vol'.  5,  1893,  p.  620. 
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feet.   LM.  th.n.mil.  north  of  to«a.«jrc^^^^^^^ 

of  theoorner.atac.m.tery,7TO  oet^    Anoth'r^B^^  ?r°...tl,  ot'  th.  rnad. 
(■iglith   ol   «   mile  east   ot   thn  "'"i  *"'I[J^"' ''.  ..g*    jgo  T«rd«  tOTlth  of  th« 

of  material  swept  along  shoro  from  it.  698  feet. 

Tl.e    opportunity    for    tracing    the    outline    of    Lake    Algonquin 
throuch  the  highlands  east  of  Georgian  bay  ii  very  poor.    The  up- 
land v.a»  80  rough,  and  the  outline  of  the  lake  was  consequently  so 
ragged  that  full  exposure  to  wave  action  was  the  exception  rather 
than  the  rule.    Even  where  the  exposure  was  severe  the  crystalline 
rocks  furnished  less  favourable  material  for  beach  construction,  and 
resisted  cliff  cutting  more  than  the  Palieozoio  limestones  and  shales 
of  the  region  farther  south.     It  is  natural,  then,  that  well  shaped 
beaches  are  rare.    A  large  part  of  the  region  is  still  forested;   roads 
are  scarce,  especially  on  the  highest  ground;   and  exploration  of  the 
old  shorelines  must  necessarily  be  very  slow  and  incomplete.    There 
is  still  another  difficulty  in  placing  the  Algonquin  beach  north  of  the 
Trent  outlet.    That  is,  the  strong  Algonquin  beat?   which  records  the 
combined  activities  of  the  Trent  and  Port  Huron  outlets  probably 
splits  vertically  into  several  diverging  shorelines,  at  a  noint  near 
ments.     It  is  necessary  that  errors  of  measurement  should  be  in 
the  level  of  the  pass  at  Port  Furon.* 

The  incomplete  data  thus  far  collected  from  this  difficult  Mi 
give  little  ground  for  the  proper  correlation  of  the  Algonquin  shore 
line.  If  the  comparatively  strong  benches  and  beaches  at  Brace 
bridge,  HuntsviUe,  Trout  Creek,  an-^  North  Bay  are  the  Algonquin 
as  was  once  supposed,  they  indicate  that  the  Algonquin  plane  doe 
not  continue  to  ascend  30  far  northeastward  at  the  same  rate  as  nea 
OriUia  uor  at  an  increased  rate,  but  that  it  is  irregularly  warped  o 
faulted.  If  this  proves  to  be  the  ease  it  adds  another  very  seriou 
obstacle  to  the  complete  investigation  of  the  raised  beaches  in  th 

Archsean  area. 

The  rates  of  ascent  of  the  Algonquin  shoreline,  assuming  that  th 
'highest  beach,'  originaUy  supposed  to  be  the  Algonquin  at  the  fou 
localities  is  indeed  that  one,  and  that  the  direction  of  tilt  is  N  22°  I 
would  be  as  follows : — 


1  For  a  more  detailed  presentation  of  this  idea  see  Jour.  Geology.  v( 
IR.  1908,  figs.  4  and  6,  pp.  474-475. 
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OrJUia  to  Bwcebridge 426  feet  per  mil*. 

Bracebridge  to  HunUville 100  foot        " 

Huntmlle  to  Trout  CreA 6  90  feet        " 

Trout  Creek  to  North  Bay 8-80  feet        " 

(detcent  townrdt  the  northeast). 

The  chief  argument  againtt  the  correlation  assumed  in  thit  table 
ii  the  fact  that  the  NipiMing  water  plane  aeemi  to  continue  to  aicend 
uniformly  northeastward  at  least  as  far  as  North  Bay.  It  would  be 
strange,  indeed,  if  the  older,  higher,  Algonquin  plane  descended  over 
a  part  of  the  same  district,  vis.,  northeast  of  Trout  cret>k. 

DESCRIPTION  OF  MAPS  AND  PROFILES  SHOWING  THE 
NATURE  OF  THE  DIFFERENTIAL  UPLIFTS. 

Hap  of  Sonthweatern  Ontario,  showing  IiobaMi  of  tlw 
Algonquin  Beaoh. 

Fig.  1  is  an  outline  map  of  the  region  between  Sarnia  and 
Orillia,  which  includes  all  the  localities  where  measurements  were 
made  in  1908  as  far  north  as  the  Archsean  border.  On  this  map  is 
put  the  altitude  of  the  Algonquin  beach  in  feet  above  sea-level  at 
each  place  where  its  identity  has  been  fixed.  Through  certain  points 
where  the  Algonquin  shoreline  now  stands  at  approximately  the  same 
altitude  it  is  possible  to  draw  lines  of  equal  deformation — '  isobases.' 
For  instance,  a  line  connecting  points  where  the  beach  now  standi  at 
780  feet  above  sea-level,  cau  be  drawn  very  satisfactorily  with  refer- 
ence to  the  observations  b^  Wiarton  (777  feet),  Hogg  (778  feet),  Mea- 
ford  (783  feet),  and  Ailandale  (783  feet).  An  isobaae  for  770  feet,  if 
drawn  through  Clarksburg  (769  feet)  parallel  to  the  780  ft.  line,  har- 
monizes almost  perfectly  with  the  measurements  at  Hair  Mills  (767 
feet),  Coldwell  (774  feet),  and  Lefroy  (776  feet).  It  must  be  kept  in 
mind,  however,  that  no  beach  nor  shore  terrace  was  absolutoly  level 
when  first  constructed,  but  it  varied  a  few  feet  in  hei^t ;  consequently 
a  variation  of  6  or  6  feet  in  the  measurements  need  not  be  retarded 
as  a  disturbing  factor  in  drawing  isobases.  Slight  discordanccH  are  to 
be  expected. 

A  whole  set  of  isobases  like  these  two  can  be  constructed.  If  con- 
ditions were  ideal,  each  one  would  pass  through  those  points  where 
the  Algonquin  beach  stands  at  the  altitude  which  the  line  represents 
36&»-3i 
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(  •.g„  TSOt'tvti.  iiiiil  would  piiHS  by  other  points  (e.g.,  T4U  feet  tin<l  T'lfi 
fot't),  at  ilintBiiit**  iippropriute  tu  tlie  amouut  l>.v  wliioli  the  Klmicliiir 
is  hiKher  or  lowiT  than  the  ultituilo  of  tlie  liiif.  Allowing,  Iiovm'mt. 
Mil  oriK>i»il  variation  of  .1  or  0  ffct,  a»  jiiBt  I'xpliiini'd,  we  van  u^L•  soim- 
(liKcretion  in  avoicliug  abrupt  turns  or  curves  in<lruwiuK  tlie  liiip^.  A 
little  experimenting  Boon  nhows  that  it  ihe  isobatCH  are  drawn  nearly 
paralkl  to  these  well-cstublisheii  lino*  of  770  nml  7»0  feet,  tin  v  agree 
(within  .T  or  4  feet  above  and  below)  with  every  measurement.  The 
lines  in  Fig.  1  have  been  drawn  in  this  way  for  every  10  feet  ot  alti- 
tude. 

It  i8  apparent  at  a  glance  that  the  iaobasei  are  farther  apart  in 
the  southern  part  of  the  map  than  in  the  middle  or  nortliern  part. 
This  expresses  the  faet  that  the  plane  of  the  Algonquin  ahoreIiti>'  is 
less  steeply  inclineti  in  the  former  than  in  the  latter.  The  inerease 
in  tilt  rate  a"*  one  goes  farther  and  further  north  is  thus  graphically 
shrtwn. 

The  trend  of  the  iaobases  when"  they  have  been  fixed  with  the 
greatest  degree  of  prceision,  i>*  21  degrees  south  of  east.  Since  th' 
is  th»-  direction  of  no  difltereuce  of  elevation  of  the  Algonquin  bencii 
it  is  exai'tly  perpendicular  to  the  direction  of  maximum  inelination 
of  that  beach.  The  latter  direetinn,  indicated  liy  the  words  '  Direc- 
tion of  maximum  tilt.'  runs,  therefore,  about  N  21°  E.  Itc  eour-^o 
doubtless  varies  a  little  in  different  parts  of  the  region,  but  only  a 
few  degrees.  The  course  of  the  isobnses,  direction  of  tilt,  and  rate  of 
tilt  are  more  thoroughly  established  over  the  south  shore  of  Georgian 
bay  and  Lake  Simeo<'  than  farther  south;  for  east  of  Lake  Huron 
localities  are  far  apart  and  on  nearly  a  straight  line.  The  direction 
there  is  based  largely  upon  knowledge  of  the  condition-  nvcr  l.aki' 
Michigan  and  the  we^t  sid,>  of  l.^ke  Huron. 

On  this  map  isobases  have  not  been  extended  east  of  Kirkfield. 
because  of  the  uncertain!  ■■  then  of  distinguishin?  between  the 
Algonquin  beach  and  the  shoreline  of  lower  i.rigin  along  the  course 
of  the  ancient  outlet.'  Over  tlie  district  as  a  whole,  however,  the 
water  plane  slants  with  remarkable  regularity. 

Profile  of  the  Warped  Water  Planes  in  Sonthweitem  Ontario. 

With  this  map  as  a  basis  for  locating  stations,  a  profile  (Fig.  2) 
has  been  drawn  to  show  the  Algonquin  beach  and  those  below  it 
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Upon  the  line  of  niaximum  inclination  was  plotted  the  position  of 
each  station  between  Snrnia  and  Wiarton  where  measurements  had 
been  made.  Each  point  was  then  transferred  to  a  sheet  of  co-ordinate 
paper,  on  wliich  distances  from  left  to  right  represent  distances  from 
south  to  north  (S  21°  W  to  N  21°  E).  The  data  from  the  Simcoe 
ilistriet,  between  Allandale  and  Orillia,  instea<l  of  being  plotted  in  a 
separate  profile,  wore  simply  added  to  the  first,  the  two  ends,  at  Allan- 
ilnle  and  Wiarton,  nearly  coinciding.  Certain  measurements,  e.g., 
lleaford,  Clarksburg,  and  Mair  Mills,  were  not  plotted,  because  they 
are  so  far  off  the  two  lines  of  reference  for  the  two  halves  of  the 
profile,  and  because  they  would  simply  confirm  the  other  data  without 
adding  new  elements  to  the  profile.  The  meiisurements  at  the  six 
localities  in  the  Simcoe  basin  south  of  Allandale.  chiefly  by  Mr. 
Taylor  and  Mr.  Johnston,  do  not  appear,  because  the  tilt  rate  there 
is  somewhat  flatter  than  at  corresponding  altitudes  on  the  Sarnia- 
Wiarton  profile.  The  meiisurements  in  the  Kirkfield-Trent  Valley 
district  are  also  omitted,  and  for  the  snme  reason  for  which  the  iso- 
bascs  were  not  extended  among  them  in  Fig.  1.  The  three  measure- 
ments north  of  Orillia,  by  Mr.  Taylor  and  Mr.  Johnston,  on  the  other 
hand,  have  been  added  to  the  north  end  of  the  profile,  in  order  to 
show  the  abrupt  increase  of  tilt  near  the  border  of  the  Archajan  high- 
lands. The  results  of  wye-leveling  at  Penetangiiislieiie  ami  C  lilwati'r. 
though  these  places  are  rather  far  off  the  profile  line,  were  added  for 
the  same  reason.  The  data  from  the  Saugeen  peninsula  are  also 
embodied  in  the  profile. 

I'siiig  these  points  as  ordinates,  both  the  Algonquin  and  the 
Nipissing  water  planes  have  been  reconstructed.  The  various  symbols 
for  the  measurements  indicate  whether  the  shoreline  in  any  case  is 
a  beach  or  a  cut  terrace,  whether  an  acceptable  or  an  obscure  form. 
If  its  height  is  unusually  variable  or  if  the  measurement  involves 
perhaps  more  than  the  usual  small  amount  of  error,  the  symbol  is 
lengthened  vertically  to  cover  the  possibility.  And  finally,  the  two 
wi-ter  planes  arc  restored  not  as  lines  but  rather  as  bands,  6  feet 
broad  according  to  the  vortical  scale,  so  as  to  include  such  small 
discordances  as  must  be  expected  because  of  the  original  variation  in 
heitfht  and  of  the  usual  though  slight  errors  in  nieasiiremeut.  Tims 
constructed,  the  profile  shows  plainly  enough,  with  hardly  an  excep- 
tion, which  is  the  Algonquin  and  which  the  Nipissing  beach  at  any 
locality.  It  brings  out  clearly  the  change  in  steepness  of  tilt  of  the 
Algonquin  beach  southward  to  the  point  of  complete  flattening  south 
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of  Bayfield,  and  the  more  gentle  but  equally  simple  inclination  of 
the  lower,  Nipissing  shoreline. 

Oeneral  Map  of  the  Great  Lake  Region,  showing  Isobaiei 
of  the  Algonquin  Beach. 

It  remains  now  to  fit  in  the  data  from  Ontario  (Fig.  1)  with  the 
data  previously  collected  on  the  west  side  of  Lake  Huron  and  around 
Lake  Michigan.    This  has  been  done  in  Figs.  3  and  4. 

In  Fig.  3,  the  approximate  position  of  the  Algonquin  shoreline 
is  indicated  by  a  heavy  line.  The  data  on  the  west  side  of  Lake 
Michigan  are  taken  from  the  writer's  survey  of  1905.  Everywhere 
else  the  outline  of  the  extinct  lake  has  been  furnished  by  Mr.  Taylor. 
Wherever  there  is  uncertainty  as  to  the  identity  of  the  Algonquin 
beach  (as  in  the  southern  half  of  the  Lake  Michigan  basin,  where  it 
is  not  easy  to  distinguish  it  from  the  Nipissing),  or  wherever  the 
Algonquin  shoreline  has  not  been  explored,  the  line  in  Fig.  8  is 
broken.  Many  stretches  of  the  ancient  shoreline  are  missing  because 
of  recent  cliff  recession  along  the  present  lake  border,  as  the  map 
shows.  The  localities  where  the  exact  altitude  of  the  Algonquin 
beach,  in  feet  above  sea-level,  is  indicated  in  Fig.  3,  are  as  follows : — 

On  the  west  side  of  Lake  Michigan:  273  feet,  Burnt  Bluff,  Mich.; 
680  feet,  Washington  Harbour;  660  feet.  Death  Door;  648  feet,  Sister 
Bay;  641  feet,  Bailey  Harbour;  637  feet,  Jacksonport;  620  feet,  Stur- 
geon Bay:  616  feet  Brussels;  611  feet,  Cormier;  610  feet,  Algoma; 
607  feet,  Two  Rivers,  Wis. ;  606  feet,  Evanston,  HI. 

In  the  Straits  of  Mackinac  and  ulong  the  east  side  of  Lake  Michi- 
gan: 863  feet,  Hessel;  812  feet,  Mackinac  island;  746  feet.  Cross  vil- 
lage; 731  feet.  Beaver  island;  709  feet.  Harbour  Springs;  698  feet. 
Burgess;  674  feet,  Norwood;  658  feflt,  Northport;  648  feet.  North 
Manitou  island;  647  feet,  Leland;  640  feet,  Sutton  Bay;  633  feet. 
Elk  Rapids;  619  feet.  Traverse  City;  012  feet.  Platte  Lake;  608  feet. 
Spring  Lake;  605  feet,  Holland,  Mich. 

On  the  west  side  of  Lake  Huron  (data  furnished  by  Mr.  Frank 
Leverett,  Dr.  A.  C.  Lane,  and  members  of  the  Michigan  (3eological 
Survey):  713  feet,  Alpena;  643  feet,  Greenbush;  617  feet.  Tawas 
City;  610  feet,  Omer;  607  feet  Worth;  610  feet,  Kawkawlin;  603 
feet,  Bay  City;  605  feet,  Holland,  Mich. 

East  of  Lake  Nipissing,  Georgian  bay,  and  Lake  Huron:  1178 
feet.  North  Bay;  1.221  feet.  Trout  Creek;  1,007  feet,  Huntsville;  989 
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feot,  Bracebridge;  883  feet,  Kirkfield;  822  feet,  Beaveiton;  752  feet, 
Ilollnnd  Landing;  88.'J  feet,  Ardtrea;  847  fet't,  Orillia;  811  feet,  Oro; 
785  feot,  Barrie;  855  feet,  renetanKuisheno;  840  feet,  Wyebridge;  "74 
feet,  Colwell;  767  feet,  Mair  Mills;  769  feet,  Clarksburg;  783  feet, 
Meaford;  748  feet,  Owen  Sound;  778  feet,  Hogg;  770  feet,  Wiarton; 
710  feet.  Port  Elgin;  666  feet,  Kincardine;  6i:J  feet,  Ba..  Id;  (507 
feet,  Grand  Bend;  607  feet,  Kettle  Point;  606  feet,  Sarniu,  Ont. 

The  condition  of  the  Algonquin  water  plane  (the  direction  and 
spacing  of  its  isobases)  in  Ontario  is  so  much  like  that  over  the 
northern  half  of  Lake  Michigan  that  the  connexion  of  the  isobases 
across  Lake  Huron,  as  shown  in  Fig.  3,  is  reasonably  sure.  A  few 
measurements  from  the  west  side  of  Lake  Huron,  selected  from  those 
by  Mr.  Frank  Leverett,  Mr.  Taylor,  and  especially  from  members  of 
the  Michigan  State  Survey,  aid  in  restoring  the  isobases  over  this 
broad  lake.  It  is  hoped  that  more  detailed  and  precise  data  will  at 
some  future  time  be  gathered  from  Michigan,  to  fix  still  more  defi- 
nitely the  course  of  the  lines. 

Two  features  shown  in  Fig.  3  should  not  be  dverlooked.  (1) 
The  widespread  uniformity  of  the  uplifts.  The  movements  were  not 
local,  but  regional,  covering  an  area  many  times  as  large  as  the 
Qreat  Lake  region.  And  nowheru  do  the  movements  seem  to  have 
consisted  in  irregular  dislocations  or  sharp  warpings,  unless  the 
facts  from  the  Kirkfield  district,  near  the  Archean  border,  should 
prove  to  be  of  that  nature.  (2)  The  isobases  in  Ontario  and  across 
Lake  Huron  run  roughly  pardlel  to  the  Archaan  boundary.  This 
suggests  that  the  '  Laurentia '  which  was  elevated  so  many  times 
during  the  history  of  the  coutineut  has  been  the  centre  of  this  most 
recent  elevation. 


General  Map  of  the  Great  Lake  Begion,  showing  Isobases 
of  the  Nipissing  Beach. 

This  map  was  constructed  in  the  same  way  as  Fig.  3.  On  it  the 
altitude  of  the  Nipissing  shoreline  is  given  at  fifty-four  selected 
localities,  as  follows: — 

Fourteen  on  the  west  side  of  Lake  Michigan. 

Twenty  on  the  east  side  of  Lake  Michigan. 

Four  near  Sbginaw  bay. 

Fifteen  on  the  east  side  of  Lake  Huron  and  Georgian  bay. 

One  at  the  east  end  of  Lake  Nipissing,  at  North  Bay. 
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The  four  measurements  near  Saginaw  bay  are  selected  from  a 
number  of  wye-level  measurements  obtained  by  the  Afichigan  Geolo- 
gical Survey.  The  other  fifty  were  made  by  the  writer  during  the 
summers  of  1905,  1907,  and  1908. 

An  equally  complete  set  of  measurements  of  the  Nipissing  shore- 
line on  the  west  side  of  Lake  Huron  is  very  desirable.  Most  of  the 
measurements  thus  far  collected  in  that  field  are  hand-level  or 
aneroid  determinations.  Recently  leveling  bus  been  dom'  on  the 
beaches  from  Saginaw  bay  northward  by  Mr.  W.  M.  Gregory  for  the 
Michigan  Geological  Survey,  but  these  have  not  yet  been  published. 

It  is  not  possible  to  draw  the  isobases  with  as  much  precision  for 
the  Nipissing  water  plane  as  for  the  Algonquin;  for  the  Nipissing 
is  much  less  steeply  inclined.  The  isobases  on  that  account  are 
farther  apart,  and  the  variation  of  5  or  6  feet  in  the  original  con- 
struction of  the  beaches  and  terraces  becomes  a  more  prominent 
element.  For  instance,  the  isobase  for  630  feet  may  fail  to  pass 
through  a  630  ft.  point  by  a  distance  of  several  miles — apparently  a 
bad  case  of  discordance,  although  in  reality  the  630  ft.  beach  may 
be  only  3  feet  liigher  or  lower  than  the  isobase  would  require.  It 
should  be  remembered  thut  the  isobases  represent  avernges,  and  do 
not  need  to  conform  absolutely  to  the  points  4hrough  and  between 
which  they  pass.  In  this  respect  they  are  like  contour  lines  on  a 
map,  which  to  express  topographic  character  ignore  small  and  mean- 
ingless irregularities  of  slope.  The  irregularities  of  altitude  of  the 
Nipissing  water  plane  ignored  by  the  isobases  are  slight,  and  refer- 
able in  all  cases  to  local  extremes  in  construction  of  beaches  or 
terraces  along  the  ancient  shore. 

The  tilt  rates  of  the  Nipissing  plane  are  approximately  as 
follows : — 

Sarnia  to  Grand  Bend  (3.5  miles) horizontal. 

Grand  Bend  to  Kincardine  (57  miles) O-ll  feet  per  mile. 

Kincardine  to  Port  Elgin  (21  miles) 0-57  " 

Port  Elgin  to  D.vers  Bay   (47  miles) Or,7  " 

Dyers  Bay  to  North  Bay  (11.5  miles) 0-49  " 

The  rather  close  agreement  of  tilt  rates  in  the  last  1S3  miles  is 
striking,  and  the  uinre  so  when  it  is  realized  that  some  allowance 
must  be  made,  in  the  stretch  between  Dyers  Bay  and  North  Bay,  for 
the  great  distance,  and  the  probability  of  a  slight  change  of  direction 
of  inclination  within  that  115  miles.    If  the  Nipissing  at  North  Bay 


i 


LIIVJ     ji,  4(1. 


SBOBILINES — AUiONQUIN    AND    NIPIBSINO 


41 


were  only  9  feet  higher,  the  tilt  rote  for  tliis  la«t  stretch  would  be 
0-67  feet  per  mile,  as  in  the  district  just  south  of  Dyers  Bay.  Within 
reasonable  limits  of  observation,  therefore,  the  inclination  of  the 
Nipissing  plane  between  Georgian  bay  and  Lake  Nipissing  is  the 
same  as  that  farther  south— about  half  a  foot  to  the  mile. 

The  bearing  of  this  on  the  unsettled  question  of  the  identity  of 
the  Algonquin  beach  at  North  Bay,  Trout  Creek,  Huntsville,  and 
Bracebridge  has  already  been  mentioned.  The  Algonquin  plane  was 
once  thought  to  be  irregularly  warped,  here  in  the  highlands,  even 
oesccnding  northward  between  Trout  Creek  and  North  Bay  at  a  rate 
of  2-80  feet  per  mile  (tee  p.  38).  If  this  were  the  case,  the  warping 
movements  that  followed  the  Algonquin  stage  must  have  been  unlike 
the  even  tilting  that  followed  the  Nipissing  stage.  Such  a  contrast 
between  the  post-Algonquin  and  post-Nipisaing  dofornintions  is  not 
impossible,  but  it  is  much  more  likely  that  the  former  movements, 
like  the  latter,  were  broad,  even  uplifts. 


CONCU'SIONS. 

Taking  up  the  conclusions  in  the  same  order  in  which  they  were 
outlined  earlier  in  the  paper,  we  nuiy  now  discuss  them  in  the  light 
of  the  evidence  that  has  been  presented. 

(1)  The  measurements  of  altitude  are  in  most  cases  wye-level 
measurements.  Although  even  these  involve  certain  errors,  due 
partly  to  the  choice  of  a  point  to  be  measured  (crest  of  a  beach 
ridge,  inner  edge  of  a  cut  terrace,  etc.),  and  partly  to  the  process  of 
leveling  itself,  and  to  the  use  of  lake  level  as  a  base,  the  errors  are 
of  small  range.  There  is  an  uncertainty  amounting  to  a  few  inches 
or  perhaps  a  foot,  as  compared  with  an  uncertainty  of  5  or  even  10 
feet  in  the  aneroid  or  hand-level  measurements.  In  the  case  of 
the  Nelson  beach  at  North  Bay,  n  correction  of  40  feet  was  made; 
but  this  is  very  exceptional. 

The  number  of  localities  at  which  the  Algonquin  beach  was 
measured  is  rather  small  for  so  large  &  region;  but  only  five  weeks 
were  available.  There  are,  to  be  sure,  long  gaps  on  the  east  side  of 
Lake  Huron,  e.g.,  forty-four  miles  between  Bayfield  and  Kincardine. 
This  gap  and  other  large  ones  are  due  chiefly  to  the  scarcity  of  preservi'd 
fragments  of  the  Algonquin  beach  along  the  clifFed  shore.  Yet  the 
reconstruction  of  the  beach  north  and  south  of  this  gap  is  so  sure, 
the  strength  of  the  Algonquin  shoreline  at  the  north  and  south  ends 
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uf  the  gap  so  marked,  that  no  hesitation  is  felt  by  the  writer  in 
maliinfi  the  rarrelation  across  the  space  of  more  than  forty  milea. 
Whether  the  correlation  nee<]s  u  greatar  number  of  measurements  or 
not  can  be  judged  best  from  the  profile.  Fig.  2. 

(2)  The  construction  of  irobases  on  the  deformed  Algonquin 
plan  in  Onrario,  as  shown  in  Fig.  1  and  discussed  on  page*  nn  and  36. 
sLuws  the  attitude  of  the  warped  surface  in  the  same  way  in  which 
contours  show  the  slope  of  the  ground.  The  straightneas  and  paral- 
lelism of  the  lines  expresses  the  remarkable  uniformity  of  direction 
of  inclination  of  the  plane.  Since  istibases  of  a  uniform  interval, 
10  feet,  hav«'  been  chosen,  the  variation  in  their  spacing  shows  at  a 
glance  the  change  in  rate  of  tilt  from  northeast  to  southwest.  The 
"ame  factn  appear  in  the  isobases  of  the  map  of  the  greater  region 
of  which  Ontario  is  a  part  (Fig.  3).  The  absence  of  local  irregulari- 
ties in  the  differential  movements  over  the  whole  southern  part  of 
the  Great  Lake  region  is  moat  surprising. 

In  the  restoration  of  e  warped  water  plane  over  so  great  an  area, 
one  finds  reasonable  hope  that  future  studies  elsewhere  may  extend 
the  r«ion»truction  not  simply  of  this  plane  and  its  contemporaries, 
but  of  earlier  and  later  ones  over  the  whole  region  which  partook  of 
the  differential  uplifts. 

(3)  That  the  strong  Algonquin  beach  was  formed  during  the 
activity  of  the  Algonquin  river  as  an  outlet  is  at  last  established  by 
the  correlation  of  the  S83  ft.  beach  at  Kirkfield  with  the  Algonquin 
bcaoh  at  Orillia  and  just  north  of  it.  It  now  appears  that  Mr. 
Taylor's  interpretation  of  the  Algonquin  was  correct;  it  id  a  'two- 
outlet  '  beach,  begun  at  a  lower  level  when  the  Algonquin  river  was 
the  sole  outlet,  carried  up  by  the  rising  waters  that  accompanied  the 
uplift  of  this  outlet,  and  finished  while  the  discharge  was  divided 
between  the  Algonquin  river  and  the  St.  Clair  outlet.  Later  deforma- 
tions have  raised  the  whole  Algonquin  shoreline  and  the  Trent  outlet 
out  of  water.' 

(4)  The  direction  of  tilt  of  the  Algonquin  plane  in  Ontario, 
measured  perpendicularly  to  the  isobases,  is  approximately  N  21"  E. 
The  rate  of  lilt,  as  already  stated,  varies  as  one  goes  northward. 
From  a  condition  of  horizontality  at  OrauJ  Bend,  the  plane  risea 
towards  the  northeast  with  a  rate  of  about  1-43  feet  per  mile  in  the 
first  forty-four  miles  (to  Kincardine),  2-10  feet  per  mile  in  the  next 
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twent}'-one  miles  (to  Port  Elgin),  and  244  feet  per  mile  in  thu  iiuxt 
twenty-seven  miles  (to  Wiarton).  These  tilt  rates,  it  xhoiild  bv 
remembered,  are  averaKca  for  rather  long  stretches,  in  each  of  wliich 
there  is  a  much  steeper  slant  in  the  northern  than  in  the  southern 
portion.  For  instance,  over  Wiarton  the  rate  ia  not  8-44  feet  per 
mile,  but  8-60  feet  per  mile.  This  appears  from  a  comparison  of  the 
measurements  at  Owen  Sound,  Ilogg  P.O.,  and  Wiarton. 

Over  the  southern  part  of  the  Simcoe  basin  the  same  isobasea  as 
those  in  the  Owen  Sound-Wiarton  district  are  farther  apart;  i.e., 
the  tilt  rate  just  south  of  Lake  Simcoe  is  about  2-8d  feet  per  mile 
instead  of  300  feet  per  mile,  although  the  Algonquin  beach  has  been 
lifted  to  the  same  altitude  in  these  two  districts.  It  js  a  case  of 
warping  as  contrasted  with  tilting;  but  the  difference  is  not  so  pro- 
nounced as  to  seriously  disturb  the  conception  of  isobases  that  run 
approximately  parallel  and  mark  an  uplift  of  extraordinary  uni- 
formity. 

Over  the  Lake  Simcoe  district  itself  the  rate  of  tilt  is  about  3-28 
feet  per  mile.  North  of  Orillia  the  accurate  pocket  level  measure- 
ments by  Taylor  and  Johnston,  and  the  leveling  at  Kirkfield,  indi- 
cate a  tilt  rate  of  6  feet  per  mile  for  the  district  close  to  the  border 
of  the  Archcan  highlands.  Dr.  Spencer's  average  tilt  rate  of  4-1  feet 
per  mile  over  Lake  Simcoe  agrees  with  the  figures  here  given;  for 
his  is  the  rate  for  a  longer  stretch  than  those  here  measured.  That 
is  to  say.  Dr.  Spencer's  average  tilt  rate  of  4-1  has  here  been  analysed 
into  a  northward  ascent  that  changes  from  3-25  feet  to  6  feet  per 
mile. 

(5)  That  the  Algonquin  water  plane  does  not  continue  to  slant 
southward  beyond  Grand  Bend,  dipping  beneath  Lake  Huron,  as  it 
was  once  believed  to  do,  is  now  evident  from  these  facts,  (a)  The 
reconstructed  plane,  as  shown  in  Fig.  2,  flattens  rapidly  between 
Kincardine  and  Bayfield.  A  natural  continuance  of  this  flattening 
wotild  produce  perfect  horizontality  before  the  plane  could  descend  to 
the  lake  level  at  Samia.  (b)  The  607  ft.  beach  at  Grand  Bend  ia  a 
distinct,  gravelly  beach.  It  cannot  be  correlated  with  any  beach  of 
the  district  that  stands  above  the  Algonquin;  it  is  much  too  close 
to  the  level  of  the  Algonquin  for  that.  The  cut  bluff  and  terrace  at 
Kettle  point  are  very  strong.  They  extend  for  several  miles  along 
the  shore.  Such  strength  is  characteristic  of  the  Algonquin  over  the 
entire  region,  but  not  characteristic  of  any  other  except  the  Nipis- 
sing.    The  606  ft.  beach  at  Sarnia,  also,  appears  to  register  a  atage 
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of  long  duration.  The  Algrrnquin  plane,  if  extended  aouth  from  Bay- 
field, (loet  not  have  to  flatten  abruptly  to  cotncide  with  a  horizontal 
plane  at  006  feet  at  Grand  Bend ;  but  it  paaaei  gradually  and  natur- 
ally into  it.  (r)  Data  gatht-rod  from  the  wewt  side  of  Lake  Huron 
bjr  membera  of  the  Michigan  Geological  Surrey,'  and  hj  Mr.  Taykr 
and  Mr.  Leverett,  indicate  that  the  Algonquin  beach  ia  a|iprMimat^ 
horizontal  at  607  feet  around  the  iouth  end  of  SaginMr  bay.  If. 
then,  we  draw  a  line  across  Saginaw  bay  and  Lake  Huron,  ao  as  to 
pass  nearly  tin.  u-h  Omcr,  Bad  Axe,  and  Grand  Bend,  this  line  win 
»eparate  the  district  wh«>re  the  Algonquin  is  within  2  a»  8  feet  of 
607  from  the  district  where  it  plainly  rises  towards  tke  nartboMt. 

(6)  The  rect instruction  thus  secured  for  the  soutborn  part  of  th* 
Lak«"  T?iiron  district  is  exactly  comparable  to  the  reonntniotion  of 
the  Algdruniiii  plnne  in  eastern  Wisconsin."  The  reeanotmotion  in 
Wisconsiii  wa-  bn^ed  on  fn .v.  r  iiMiHurmnents  than  tl»  in  Ontario, 
because  the  Algouijiiin  h«>ach  han  been  very  genwolly  deatroyed  alonf 
the  west  tide  <.(  Lak"  Michigan.  The  conclnsiOTi  as  to  isericontality 
there,  how«  vor,  is  >i.  ngl-  ;ppnrtcd  by  measurements  on  both  sidea 
of  Lake  Micliigan,  which  how  that  two  higfaer  beaches  (the  Glen- 
wood  and  Calumet  beichcs  of  Lako  Chicago)  are  horisontal  erery- 
where  south  of  a  line  through  Milwaukee,  Wis.,  and  Gmd  Tipven. 
Mich."  If  these  higher  beaches  have  not  been  warped  or  tiito  '  ut 
of  position,  the  later,  lower  Algonquin  surely  has  not  *','■  oefori  -J. 
The  horizontality  of  the  Algonquin  plane  nwth  of 
based  on  the  horizontality  of  a  strong  terrace  at  696  \ 
sing),  a  supposed  Algonquin  beach  ut  Two  Rivers,  ^7 
and  the  flattening  of  the  Algonquin  plane  as  it  ap,;  • 
tude  of  607  feet  „n  both  sides  of  Lake  Michigan. 

Data  from  both  lake  basins,  therefore,  indicate  thp*  u  ■::  '  i,i  v,- 
quin  plane  stands  horizontal  at  an  altitude  of  607  feet  sir,  f  j 
line  that  passes  approximately  through  Green  Bay  and  KewauntH-. 
Wis.,  a  few  miles  north  of  Frankfort,  Mich.,  through  Bad  Axe,  Mich., 
and  a  few  miles  north  of  Grand  Bend,  Ont. 
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The  data  from  the  esM  aide  of  Lake  MiHiiKan,  a«  ulready  noted, 
waa  not  deoiiire  at  to  the  heirfat  of  the  AJgonquin  plan  .  whether 
it  id  horizontal  at  607  feet  or  at  500  feet.  There  seem  to  be  diitinct 
•koreline*  at  both  level*,  although  soutli  of  Frankfort  the  lower  one, 
usually  a  cut  bluff,  i«  tlie  only  one  that  was  diwovered.  The  quea- 
tion  thus  left  open  after  the  survf.v  along  the  east  liile  of  Lake 
^lichiKan  in  ltH)7  t>eemi,  therefore,  to  have  been  lettled  by  the 
identification  of  the  Algonquin  bemti  nt  607  feet  in  the  extreme 
■otithwcstem  part  of  Ontario. 

(7)  A  hon'zontality  to  widcBpread  as  this  of  the  Algonquin  plane, 
which  extendi!  from  southwestern  Ontario  t^  Wisconiin  and  Illinoin 
without  a  variation  of  more  than  6  or  7  feot  in  altitude.  i»  no  U-hs 
surprising  than  it  is  significant.  It  seems  to  mean  simply  that  the 
beach  and  the  rr^ion  in  question  have  suffered  neither  uplift  nor 
depression  since  Algonquin  time.  One  can  liardly  conceive  of  an 
mplift  or  a  depression  going  on  over  so  wide  an  area  without  produe- 
iaig  a  measiurable  variation  of  height  in  the  water  plane — a  score  or 
two  of  feet,  at  least.  This  is  especially  true  in  view  of  the  fact  that 
a  differential  uplift  has  clearly  occurred  over  the  northern  part  of 
thf  lakfs.  The  concltwion  seems  unescapable  that  all  around  the 
southern  ends  of  Lakes  Huron  and  Michigan  the  Algonquin  beach 
stands  to-da.v  at  precisely  the  altitude  at  which  it  stoo<l  when  it  was 
formed,  namely,  at  about  607  feet  above  the  sea.' 

(8)  Here,  then,  we  wnn  at  last  to  have  a  real  plant'  of  rcf.rei 

from  which  to  measure  tfee  altitudes  of  other  points  in  the  Great 
Lake  region  in  late  glaeiaJ  times.  Wlierever  the  Algonquin  bench 
can  be  found  and  measured  we  have  only  to  subtract  607  feet  from 
its  altitude  to  determine  how  much  the  region  has  been  raised  since 
the  beafti  was  formed.  For  instance,  the  Algonquin  beach  at  Pene- 
tanguishoie  stands  now  at  an  altitude  of  865  feet.  When  formed,  it 
stood  approximately  at  607  feet.  The  Penetanguigbene  peninsula, 
therefore,  stands  higher  to-day  by  about  250  feet  than  it  stood  during 
the  formation  of  the  Algonquin  beach.  In  the  same  way,  if  we  only 
kniw  with  certainty  that  the  Nelson  beach  at  North  Bay  (1178  feet> 
wew  the  Algonquin,  we  would  be  able  to  reach  the  conclusion  that  the 


This  Imp  rf  rrasoniiiK  w:w  us^d  by  the  writer  in  a  paper  before  th> 
Amwt^  AMociatiot  for  the  AaranoemMit  of  Soienoe  at  Hanover,  N.H.,  in 
Julv,  UM.    An  abrtr«>t  of  the  paper  '  The  attitode  of  the  Al«enqain  beach. 

and  its  Bignincance.'  in  in  '  Srienre,'  \ew  finrie"?.  vA.  2S.  Sept.  JS.  190H,  -n, 
:««2-;«c).  Since  then  the  work  in  Ontario  ha<i  >'trenj(thened  fhi'  argument 
by  mor-  fully  evtabiixhinK  the  Itorixontality  of  the    Ugooquin  beach. 
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Kipissing  pass  stands  to-day  (1178  feet-«07  feet)  671  feet  higher  than 
it  did  in  Algonquin  time.  And  gince  the  floor  of  this  pass  is  to-day 
only  about  690  feet  above  sea-level,  it  would  appear  that  it  was  form- 
erly only  110  feet  or  so  above  the  sea.  We  could  thus  determine  the 
probability  or  improbability  of  a  marine  invasion  of  the  Great  Lake 
basins  from  the  northeast  when  the  ice  sheet  first  withdrew.  But 
until  the  correlation  of  the  Algonquin  beach  is  caried  that  far,  the  use 
of  the  607  ft.  datum  plane  will  be  limited  chiefly  to  the  middle  and 
sduthern  parts  of  the  Great  Lake  region. 

(9)  Attention  has  already  been  called  to  a  rapid 'steepening  of 
tilt  on  the  Penctanguishene  peninsula  north  of  Orillia  and  near  Kirk- 
field,  that  is,  within  a  few  miles  of  the  border  of  the  Arclm>an  high- 
lands. The  tilt  rate  here  appears  to  be  6  feet  per  mile,  although  a  few 
miles  south  of  here  it  becomes  4  feet  per  mile.  The  profile  (Fig.  2) 
brings  out  plainly  the  abruptnesa  of  this  change.  One  naturally  looks 
for  other  facts  which  would  indicate  that  the  direction  and  rate  of 
tilt  were  in  some  way  related  to  the  outline  of  the  Arclucan  area.  The 
rough  parallelism  between  the  isobases  across  Lake  Huron  anr  the 
Province  of  Ontario  and  the  edge  of  the  highlands  appears  'ii  be  u 
fact  of  that  sort.  It  suggests  that  the  post-Algonquin  uplifts  were 
repetitions  of  those  more  remote  uplifts  which  kept '  Laurentia '  above 
sea-level  during  the  greater  part  of  geologic  time.  Will  it  be  found, 
after  nil,  that  the  isobases  of  post-glacial  deformrtiona  in  North 
America  encircle  the  Laurentian  highlands  as  Baron  DeOeer's  iso- 
bases encircle  the  Scandinavian  highlands)'  Even  if  these  move- 
ments were  set  going  by  the  removal  of  the  heavy  ice  sheet,  were  they 
not  guided  or  even  controlled  by  the  same  great  elements  of  internal 
structure  which  determined  the  outlines  of  the  Laurentian  high- 
lands? 

(10)  Observations  around  Balsam  and  Cameron  lakes  show  that 
even  in  these  small  basins  there  is  a  distinct  shoreline  which  is  either 
the  extension  of  the  Algonquin  bench  itself,  or  its  contemporary  in 
a  chain  of  pools  along  the  Algonquin  river.  A  comparison  of  the 
five  or  six  measurements  in  this  district  (see  p.  32)  shows  that  if  this 
shoreline  is  the  Algonq\iin  it  has  suffered  local  warping  of  an  un- 
usual sort.  Nowhere  else  in  the  Great  Lake  region  where  detailed 
work  has  been  done  has  a  clear  case  of  local  watping  of  the  Algon- 

■Qernrd  DeOwr:  'Quaternary  changes  of  level  in  Sfandinivia.  Bull. 
Oeol.  Siic.  America,  vol.  3,  IK92.  p.  67;  and  'On  PleintiK'fiip  rlinntfi's  nf  l^vel 
in  eastern  North  Amoriea.'  Pro«.  Beaton  Boo.  Nat.  Hist.,  vol.  2S,  18M, 
pp.  464-477. 
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quin  beach  been  discovered.  The  alteraative,  as  stated  on  pajje  31, 
is  that  this  shoreline  on  Balsam  and  Cameron  lakes  marks  the  outline 
of  a  chain  of  lakes  between  rapids  on  the  ancient  outlet;  that  in 
Balsam  lake  the  water  plane  was  originally  lower  than  in  Lake  Al- 
sronquin,  and  in  Cameron  lake  it  was  still  lower.  A  detailed  survej'  of 
the  raised  beaches  around  these  lakes  of  the  Trent  system.  Balsam, 
Cameron,  Sturgeon,  and  Pigeon  lakes,  ought  to  settle  the  question. 
Here  appears  to  be  an  opportunity  to  carry  the  inclined  plane  of 
post-Algonquin  deformations  from  Lake  Algonquin  across  the  Kirk- 
field  pass  and  down  the  old  outlet  nearly  to  the  Ontario  basin,  where 
it  could  be  compared  with  the  plane  of  the  supposed  contemporary. 
Lake  Iroquois.  Chances  for  such  correlation  of  an  ancient  water 
plane  in  one  basin  with  that  in  another  are  rare  if  not  unknown 
elsewhere. 

(11)  At  four  localities  in  the  Archsean  highlands  east  of  Geor- 
gian bay  (Bracobridge,  Huntsville,  Trout  Creek,  and  North  Bay)  the 
altitudes  of  raised  beaches  have  been  secured  with  the  wye-level.  So 
far  apart  are  these  localities  that  it  is  doubtful  whether  the  strong 
beach  that  lies  at  or  near  the  upper  limit  of  the  series  at  each  place 
is  the  same  Algonquin  beach  that  has  been  correlated  as  far  north  as 
Kirkfield.  The  outlook  for  satisfactory  correlation  in  the  highlands 
is  not  promisirr,  for  several  reasons.  The  shores  here  were  very 
irregular,  allowing  only  locally  nn  opportunity  for  strong  wave 
action.  Tlie  materials  composing  the  shores  did  not  lend  themselves 
as  readily  to  terrace  and  beach  construction  as  the  glacial  drift  and 
bedded  limestones  of  more  southerly  districts.  The  Algonquin  beach 
north  of  Kirkfield  is  probably  not  a  single,  strong  shoreline,  but  a 
series  of  beaches,  because  during  the  uplifts  which  raised  the  Trent 
outlet  up  to  the  level  of  the  Port  Huron  outlet  the  northern  district 
was  emerging  while  the  southern  district  was  being  drowned.  Some- 
where in  this  northern  highland  region  each  beach  probably  fades 
away  as  it  approacher,  the  position  of  the  ice  border  at  that  stage. 
This  might  be  a  great  obstacle  to  tracing  the  Algonquin  and  other 
high-level  beaches  as  far  as  North  Bay.  The  correlation  of  the  n89 
ft.  terrace  at  Bracebridge,  the  1007  ft.  one  at  Huntsville.  the  1221  ft. 
beach  at  Trout  creek,  and  the  1178  ft.  beach  at  North  Bay,  as  points 
on  a  single  water  plane— the  northern  extension  of  the  Algonquin 
plane — does  not  seem  justified. 

(12)  The  isobases  of  post-Nipissing  deformation  (Fig.  4)  re- 
semble those  of  the  earlier  stage  (Fig  .1).    They  indicate  a  remark- 
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able  regularity  of  uplift  in  the  Great  Lake  recrion.  Nor  is  this 
uniformity  of  tilt  confined  to  the  districts  south  and  southwest  of  the 
Archa:an  area;  it  appears  to  extend  as  far  northeast  as  North  Bay. 
Herein  is  ground  for  questioning  the  f^orrelaticn  of  the  '  Algonquin ' 
beaches  at  Bracebridge,  Iluntaville,  Trout  Creek,  and  Nortii  Bay.  us 
explained  in  pages  40  a.id  41. 

The  widespread  horizontalit.v  of  the  plane  of  the  Nipissing  beach 
at  596  feet  above  sea-level  in  the  southern  part  of  the  region  »eema 
to  indicate  that  the  Nipissing  Great  Lakes  at  this  stage  were  about 
505  feet  above  sea-level.  In  other  words,  when  these  lakes  last  dis- 
charged in  part  down  the  Mattftwa  valley,  the  water  level  in  the 
Michigan  and  Huron  basins  was  about  15  feet  higher  than  it  is 
to-day. 

The  undisturbed  5!)fi  ft.  plane  i?.  therefore,  a  convenient  plane  of 
reference  from  which  to  measure  post-Nipissing  changes  of  altitude 
in  the  northern  part  of  tht  Great  Lake  region. 
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Ann.  Kep..  10O.->.  pp.  l;!r.-4-'t!. 
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I  III  p|.,  96-^.  nivfs;  nvclevil  iiieasurcmentg  on  ihe  Algnnquin  and  Ni|)iii- 
.iiiK  -biifcliiK".  ill  spvpnil  li  calitios  in  Saginaw  cmuily.  Data  ii-^eil  in  c<i?i- 
strnitK'ii  iif  I'i);    :l  i.f  this  r.'port. 

F\ntillM  II.  If.  I..  :-- 

'Oilliert  j!ulf  'Marine  water-  in  tlir  Ontario  hnsin)';  Bull.  Geol. 

So.'.  America,  v..1.  IT.  ^W^r,.  pp.  T12-71S. 
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I'fsrribi"*  tile  li-silifi-i  ihi»  rlin»  iiiul  -aiui-i  of  I  lif  Mill  v  of  \..il.i»ii«.i)f:> 
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■Quaternary  eiiangus  of  lovol   in  Scandinavia'.    Hull,  fit-ol.  Soo. 

Ainerioa,  vol.  3,  18U2,  pp.  65-68. 

De-cribes  autlior''<  niptlinil  nt  itmly  of  tlic  uppir  limit  of  po»t-gliieiHl 
luariiif  subniergcnif  in  Swedrii ;  outliiirs  cuiiclii^ions  iilreadj  rcaclii'd  ii-  to 
the  natur»  and  ixtint  of  post-glacial  iiiiwHipiii((s  in  Scandinavia  a-  a 
whfile:  spcks  to  dMiionsiratc  a  casual  rpiationsliip  bftween  the  an-a  re- 
cently upwarped  and  the  area  where  ancient  crystalline  rocks  are  exposed. 

•On   Pieistoeeiie   i-hangres   of   level   in   eastern    Xorth   America'; 

IVmc.  Boston  Soe.  Xa(.  History,  vol.  25.  1892,  pp.  454-477. 

<jivet  a  r^sum^  of  investigations  of  the  raised  beaches  of  the  sea-coast 
all!  iiihinil  hikes  of  nortlipusiern  .\orlli  AniTicu.  with  original  contribii- 
iioiis  from  .\fH  England  mid  the  St,  Lawrence  valley;  coinparea  the  diBer- 
^'iitial  uplifts  of  this  region  to  those  nf  Scanilina\ia.  atui  discusses  their 
c»u-e.  .-in  i5oba'-e  map  of  northeastern  Xorth  America  accompanies  the 
pap.  r. 

<ill.«KllT.  <i.  K.:-- 

•Contributions  to  the  History  of  [.iiike  RoniievUle';  U.S.  Oeoi 
Survey,  2nil  .\nn.  Rep..  InSO-lgSl.  pp.  167-2W. 

(In  pii.  I9.V19r  aD<l  plates  4i  and  43.  exiilaiiis  ami  uses  curves  or  '  con- 
toiir~  of  deformation  '  to  express  graphically  the  attitude  of  an  upwnrped 
plane— the  first  application  of  the  isobase  idea  to  the  -studv  of  raised 
beaches. 
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The  History  ,>(  tlio  Xiiijriira  river";  New  York  Commissioneri 
State  Keserv..  Ningani,  6th  Ann.  Rept.,  188»,  pi>.  61-84;  (reprinted 
in)  Smithsonian  Kept..  1S90,  pp.  231-237. 

Outline*  the  history  ot  the  extinct  lakes  ut  the  Erie.  Huron,  and  On- 
tario Iraaina,  on  the  basiH  of  htudies  by  Dr.  .Spencer  and  himcelf ;  suggesta 
a  tcmpprary  diraharge  of  Uke  Algonquin  into  the  MatUwa  river  eaJt  of 
Lake  Nipiinng. 

OOLDTHWAIT,  J.  W.:— 

'  Correlation  of  the  raised  beaches  on  the  went  -nU-  nf  Lake  Michi- 
gan';  Jour.  Geologj-,  vol.  14,  1906,  pp.  411-424. 

briefly  outlines  the  results  of  a  detailed  fctudv  of  tlie  .iluoniiuin  itii.l 
lower  beaches  in  eastern  Wiiconsiu:  illuttrateg  the  usefulness  of  precisa 
uieuaur'iiieuu  of  altitude  of  raised  Leaches  bv  a  profile  of  water  planes- 
discusses  the  signihcuiice  of  these  planes:  correlates  the  'Algonquin'  and 
-Nipissing  shorelines  in  the  Lake  Michigan  baiin  with  two  horizontal 
beaches  previously  assigned  to  a  local  '  Lake  Chicago.' 

•Abandoned  shorelines  of  eastern  Wisconsin';  Bull.  Wisconsin 
Ueol.  and  Nat.  History  Survey,  vol.  17,  1907,  134  \>p.,  37  plates,  37 
tigurea. 

Reviews  the  history  of  Lakes  Chicago,  Algonquin,  and  the  Nipissiuit 
<.reat  Lakes;  discusses  the  work  of  many  inresUgators  in  the  field  (e  o . 
on  pp.  ls-22,  .1.  \\.  .Spencers  work  in  Ontario;  on  pp.  23-37.  F  B  Tavlor's 
studic>  in  the  United  States  and  Canada) ;  deserilxs  in  detail  the  Algonquin, 
Nipisfing,  and  other  shoieiines  of  eastern  WiMonsin;  reconstructs  the 
warped  water  pluiies  in  the  form  of  a  profile;  considers  possible  nature  of 
tlie  (liflsrential  uplifts  thus  shown.  ""luie  oi 

•  A  reoonstriiction  of  wnt.r  planes  of  the  extinct  glacial  lake"  in 

the  Lake  Michigan  basin  ' ;  Jour.  Geology,  vol.  16,  1908,  pp.  460-476. 

I'r.-».iils  111.'  results  of  wye-level  surveys  of  beaches  of  Lakes  Chicago, 
Algonquin,  and  Nipiasing.  in  Michigan;  also  a  detailed  profile  of  thesa 
mitir  planes,  a  detailed^  isobase  map  of  tho  Algonquin  beaoh  over  the 
northern  part  of  I.,ake  Michigan,  and  a  general  isobase  map  of  that  beach 
wherein  data  from  Wisconsin  and  Michigan  are  correlated  with  Spenc»r's 
ilatii  from  Ontario;  discussefi  ihe  significance  of  the  fan-like  nrofile  of 
nuter-planes.  "^ 

'The  attitude  of  tlio  Algonquin  beach,  and  its  sigiiiticance '; 
(.ni.stra.t)  •  Soioiici-,'  now  series,  vol.  -iA,  Sept.  18,  l!t08.  pp.  392-383. 

Uist  ussi«  the  t-outhward  flutteiiiiiK  of  the  Algol] 
kes  Michigun  and  Huron,  and  the  use  of  the  lioi 
I>lane  as  a  datum   from   which   to  estimate  the  ainonnt  of  post-\lKuuaurn 
uplift  at  places  farther   north. 

'  Preliminary  report  on  measurements  of  altitude  of  the  Algon- 

(luin  niul  Xipissing  shorelines  in  Ontario,  July  fl-.Vugust  11,  1908'; 

Can.  (icol.  Survey,  Summary  Rept.,  1908,  pp.  112-114. 

tii\is  ill  oMiliiie  v,,m(.  ,it'  the  data  whieh  ar-  nresented  in  detail  in  the 
present   re|Mirt ;  and  jMiints  nut  a  few   of  Iho  ciincliisions  reache<l. 
2852-41 


Uistussi«  the  t-outhward  flutteniii^.  ,>f  the  Algonuuiii   water  plane  over 
Lakes  Michigan  and  Huron,  and  the  use  of  the  horizontal  |K)rtinn  of  this 
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III  NTKii.  A.  F. :— 

•The    Al)(<>i>ilii<i>    'liiireliiic    in    SiiiicoL'    cniiiit.v.    t)iitiiri<i ';     C;ip. 

(iiMiI.  Survey.  Siiininary  Ueiit.  for  lOOi'.  pp.  a^l-SOI. 

Dt'i-cribrs  in  ilt-tuil  IIih  nuM-il  iM-aclif-.  anil  oIIht  «iirf«<».  t;atiirp«  i>f 
Siiiuoi'  couiit.v.  and  "leekR  nn  t>xplanati(m  "t  n  «upiiosfd  cli><-(iiitiiiiiity  niiil 
vurinbilitv  in  l>eiiit>t  nf  the  Algonquin  nnii  oilier  (.liorflinH-i. 

•  Kuiscl     shorelinos     nloiifr     the     Bhie     Mountain     escarpment. 

Oiitiiric.';   Can.  Oi-ol.  Survey,  Snmnuiry  llept..  VMM.  pp.  '.'I'S-SiS. 

Kepiiiis  ii]iiiii  an  "xaniinulinn  of  the  reuiim  snutli  ami  !.oiiilii'a-i  i-f 
NottanasiDia  liay.  anil  ilescrilivs  »li<.reline«  at  iiltiluile.  far  alwive  the 
Alxoni|iiin. 

I.xNK.  A.  r.:-- 

•  GeoliiKieiil   Ui'iHirt   oil  llnrDii  coiiiitv":   .Mii'lii)fi>ii   t ipol.  Survey. 

vol.  7,  part  2,  IWX*.  pp.  TO5. 

On  |i|i.  »7-Jl.  Kive«  wye-level  ilata  fur  altilinlf*  "f  tin-  Alxonqiiiii  beacli 
at  n  few  places  on  tlie  '  tliiiiiil)  '  of  Micliijcun  ;  un  |>|>-  "•'>  H.').  ili-cribes  tli- 
dif(erential  uplifts  wliicli  lliev  have  experienced.  Data  u«ed  in  Kin.  ■'•  "' 
this  report. 

TiOCAN.   SiK   Wil.l.lAM    F.: — 

'tieolofty  of  ("an.'.la";    Rept.  of  Projrre-:'  of  Can.  Cool.  Survey  to 

lSti.1.  pp.  0S.^. 

Un  pp.  9I0-9IJ,  a  iiiinpilatinn  of  the  nbservatioiis  of  Sir  Sandfind  FleiniuK 
cm  raistil  lieaehes  in  the  Nnttawasiaga  district,  of  Thomas  Rot,  Charles 
Whittlesey,  and  others  on  the  VAised  beaihes  in  other  pnits  of  Ontario, 
anil  ot  various  inentlH>rs  ot  the  tieolnftical  .s^urvi'V  on  raised  niaviii*- 
lieaclies   and  ela.is  of   the  St.    Lawrence  valley. 

LvELi.,  Sib  CmRi.E.s: — 

'  Travels  in  \orth  Aiiiorica  in  1841-42,  with  geologlral  observa- 
tions on  the  United  States,  Canacla,  nml  Xova  Scotia":  Txrndon. 
1845,  2  vols. 

Vol.  '.'.  p.  Iflti.  describes  a  visit  (o  the  raised  lunches  north  of  Toronto. 
under  the  )|iiidiince  of  Thonms  Roy. 

Rov,  Thomas: — 

'Ancient  state  of  the  Xorth  American  continent';    Proc.  Geol. 

Soc,  London,  vol.  2,  No.  .11,  pp.  5^7-5.1.^. 

Describes  a  series  of  shorelines  north  of  Toronto,  and  ili-russ  s  their 
significance. 

Kl-KNCKR,  J.  W.:  — 

'The  St.  Lawrence  hasin  ami  the  Great  Lakes':  (abstract)  Proc. 
Am.  Assoc.  Adv.  Sci.,  vol.  ;!7.  l^Ss..  pp.  107-1!>0. 

Discusses  the  origin  of  the  (ireat  l.akes;  describes  the  raised  beaclie. 
of  Ijikc  Warren  and  its  successors;  announces  tin-  discovi  ry  ot  the  ancient 
Algonquin  river;  names  the  Algonquin  beach. 


sllDKKLINEs       .\I.(!ON<jnN     AXD    XMMSSIXu 


•\ 


•On  tlir  fiii'iH  of  rojriiiiml  pn^it-glacial  uplifl*;  Trans.  Koyal  Soc. 
Caiia.l.i,  vul.  7,  1880.  p.  120. 

By  the  loiiNtructinii  of  trianiilfs  Bt  slutions  where  the  altitudoi  of  th* 
lii«|iiois  iiiiil  \lxDn(|iiili  henrhes  have  lieeii  iltti'i'iiiiii'il.  the  HUthnr  Ketkl 
to  looate  thr  centre  of  the  bulue  of  whirh  the  iliffereiitinl  nplift  of  these 
l)eache><  ih  n  |>iirt.  The  leiiire  of  uplift  i-  |il>iieil  not  far  southeast  of 
.htnii-s  liav. 

•  Dc't'oriniitioii  of  the  Algoni|uiii  hcacli  and  birth  of  L.ikc  Huron'; 
Am.  .lour.  Sci.,  4th  scrip?,  vol.  41,  1801,  pp.  12-21. 

I)e-cribes  the  .VlKonquin  beat  h  ea?-i  of  T.ake  lliiim  ,umI  around  Lake 
Sinieoe.  and  gives  meafiurements  of  altituile  on  it  at  nvtlve  placeg;  ili«- 
(■ii»»e«  th"  relation  lietween  the  .Mgont|Uiu  and  the  higher  and  lower 
l)iarhe-  in  this  ro)(ion.  ami  draw-  important  ioiirlii>.ii>n>'  »«  to  the  nature, 
lihn',  ami  extent  "f  1 1 cliffeieni  lal   uplifts. 

■  Ilijrii-lovfl  sliores  iu  tlio  (Jmil  Lake?,  and  their  deformation'; 
Am.  .Tour.  Sci..  4tli  s.-rii-,  vd.  41.  l-!tl,  pp.  Jul-ail. 

Describ's  several  iMUfhes  in  -mitliivest'Tn  Ontario  at  altitiuleH  liiichei 
III. Ill   Ih'     \li,-oin|iiiii,   anil   )ti\<-   nien^un  meats  of  thiii     iltitinle. 

•  KvoUiliou  of  the  Fulls  ,,f  Niagara';  i'an.  >''rn\.  Survey,  100T, 
41t'i  pp.,  4:1  plates,  3t)  figures. 

\  iiiitno^rapli  nhieh  de^iribes  and  discusses  tho^e  features  of  th"  e.v- 
tiint  lake-  uliidi  bear  nn  liieioiiiplex  and  varied  history  of  the  NiaKkra 
riv  r.  ( fii  pp.  Lftfl  ;i(KJ  and  plate  M,  the  author  reviews  hjs  data  on  the 
Mki.'wiiiwi  lnai  )i  ,  nil  pp.  :t:jan.'fil,  di'-cu^ses  th'  '  xtt'iit  iiuij  aniniint  nf  post- 
I'leistoieue  uplitt  iu  the  (ireut  Lakes  region,  .ii  up.  :.'93-2!%,  gives  a  r^sutnA 
■  >f  llie  dis(over>    id   llie  Timi    Valley  imtTi  I   and  tie   \ipissin)f  oiitli't. 


'I'wi.OR.  F.  IJ.  :— 

"The  ancient  stniit  at  Xipissiutf';    Hull.  (ieol.  Soc.  America,  vol. 

.-..  lsO:3,  pp.  G20-626. 

I)i-crib'3  the  Nipissing  and  hittl'er  beuilies  near  N"rtli  Hay,  Ontario; 
discuss.s  (ho  former  occupancy  of  tlie  pass  lieiwcin  Like  Nipiminij  and 
ihv   Mattawa  river  by  a   marine  sirat. 

•  Iho  limit  of  postglaiinl  siihinerge in  the  highlands  east  of 

(Jeorgian  hay';   Am.  Oeologi-t,  vol.  14,  IslM.  j.p.  272-285. 

Describes  raised  beaches  aloni;  the  wist  side  of  I/ik"  Simcoe  and  at 
«e<cral  points  farther  north,  as  far  as  the  N'lpis  iii«  pii^s;  (;ivcs  baroin -tr  c 
iiiea^iiremciils  of  altitude  of  the  benthos  at  these  points;  discusses  the  cnr- 
lelatiiiii  id  llnin:  works  out  ilirectinn  and  rate  of  inclination  nf  the  up- 
«ai|"i'   plane  id    Lake    \lKoni|iiin  east  of  Lake   Huron  and  (ieorKian   bay, 

"The  Suc-oiid  T,ake  AlMmniiiiii ':  Am.  (leologist,  vol.  l.'i.  1^0.5.  pp. 
liMI-120  and  li'>2170. 

De-iribi..  in  detail  th"  Nipi»-iri(;  ^hnreline  armind  Lake  Micbij-an.  [.alie 
Huron,  ami  (i>'or)(ian  ba\  :  remii-i  ruct«  the  upnarped  plane  of  this  shore- 
line: ii  Icinrets  (he  bi^t  Ty  nf  (Im  exdiict  lakes  during  and  since  the  time 
of  Lake  .M.i^onqnin. 
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'The  Nipiasiiiff  beach  on  the  north  Superior  shore';  Am.  Oeolo- 
irist.  vol.  15.  ISft.n.  pp.  .304-314. 

I'v'K  datn  of  A.  (".  Lawson  for  rHcouBiiiiin  tm-  ixiitioii  of  tli»  Ni|>i- 
•ins  beach  nnrtli  nf  I^ko  Superior,  and  thut  rK'niiHtriirtx  the  .NMuiaainK 
plane  along  that  xbore:  ronolndrs  that  the  water  plane  dipx  beneath  Lake 
Superior  e«iit  nf  Dniuth. 

'Niagara  and  the  Oreat  Ijokp«";  Am.  Jour.  Sci.,  4th  serifs,  vol. 
49.  1895,  pp.  249  270. 

(In  p.  2M.  nivpo  nieatiurpment*  of  altitiiil»  of  thf  AlKonniiin  lipaoli  iit 
•even  locnlitii.«  not  prcvinii»l»  vi«iti>il  bv  S|)enrer:  diacimae*  thp  diffpn-ntiul 
upIiftB. 

'Preliminnry  note'  nn  stuili.-s  of  the  Oreat  Lakes  made  in  1395'; 
Am.  Geologist,  vol.  17.  ISOii,  pp.  253-257. 

Gives  rpasons  fnr  abandnninx  the  idou  nf  m.-xrinc  invasinn  nf  tli"  Oreat 
Lalti's  throush  straits  at  thf  nnrtlioast.  ond  for  accpptiiiK  the  iilcn  of  nn 
ice  ilam  for  Tj>ke  Al^nnquin. 

'Notes  on  the  Quaternary  ReoloBy  of  the  Mntt!i«!i  iiiid  Ottown 
valleve':    Am.  Geologist,  vol.  18,  1898,  pp.  lOS-120. 

Uivps  the  ri"<iilt«  of  a  second  trip  to  North  B;i.v  and  tlie  >[a»tawa- 
Ottawa  valley,  wilh  new  ibservntions  and  niensurements  of  the  old  shore- 
lint's;  disrusws  the  iiatiiri»  and  exti-nt  of  iii>hi>aval  of  the  Vl)(niir|iiin  bi-ach 
in  tlip  highland''  *■•«!  i>{  Oporgian  1i,\y. 

WHUiiiT,  G.  F.:— 

'Tlie  supposed  post-glacial  outlet  of  the  Grent  Lakes  througli 
Lake  Nipissing  and  the  Mattawa  river';  Bull.  Geol.  Soc.  America, 
vol.  4.  1893,  pp.  423-425. 

A  report  of  tlii>  tirsi  exninin.it-on  of  the  Xipj^sing  pass  for  evidences  ol 
the  ancient  outlet  of  l.ake  Algonquin. 
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